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(57) ABSTRACT 

A method for displaying a moving picture having a proper 
tone by changing a combination of Subfields constituting a 
field of the moving picture, the Subfields each having a 
different weight of luminance, a motion vector indicating a 
moved direction of the image and a moved quantity thereof 
is detected from image data, new image data for providing 
a tone equivalent to a tone to be received by a retina to the 
retina when the image moves is generated corresponding to 
the detected motion vector, and the combination of Subfields 
is determined based on the generated new image data. 
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MOVING PICTURE DISPLAY METHOD AND 
APPARATUS 

TECHNICAL FIELD 

The present invention relates to moving picture display 
method and apparatus for effectively restraining a false 
contour generated when a moving picture is displayed in a 
plasma display panel (hereinafter referred to simply as 
“PDP”). 

BACKGROUND ART 

Thin typed matrix panels such as a PDP, an EL display 
device, a fluorescent character display tube, a liquid crystal 
display device, etc., have begun to be presented in order to 
respond to the demand of the recent large-sized display 
device. Particularly, in such thin typed display devices, PDP 
is largely expected as a direct-Viewing-typed display device 
with a large Screen. 
As one of PDP halftone display methods, there is an 

intra-field time division method. In this method, one field 
comprises N screens (hereinafter referred to as “subfields') 
each having a different luminance weight. They are called 
SF0, SF1, SF2, . . . , SF(N-1) in order of increasing the 
luminance weight, and luminance weight ratioS of the Sub 
fields are 2', 2', 2', . . . , 2', respectively. A halftone 
luminance in one field can be controlled by Selecting the 
presence or absence of pixel light-emission in the Subfields. 
The luminance that greets human eyes can be expressed by 
a total Sum of luminance of the pixel light-emission in the 
respective Subfields based on human visual characteristics 
(persistence characteristics). The number of tone revels, 
which can be expressed by this display method, is the 
number of subfields in one field, that is, N power of 2. 

FIG. 1 shows a display Sequence in one field using the 
above-mentioned halftone display method. One field com 
prises eight (N=8) subfields each having a different lumi 
nance weight. The respective subfields are called SF7, 
SF6, ..., SFO in order of decreasing the luminance weight. 
Here, SF7 is called the most significant bit (MSB) side, and 
SFO is called the least significant bit (LSB) side. 

With respect to the ratios of the number of pixel light 
emission in the subfields, when SFO is “1”, SF1, SF2, ..., 
SF6, SF7 are “2”, “4”, ..., “64”, “128”, respectively. When 
the number of subfields is 8, it is possible to provide up to 
256 tone levels. 

The halftone display method using the above-explained 
subfield method is excellent in the point that multi-levels of 
tone can be provided even by a binary display device, which 
can only provide only two tone levels “1” and “0” such as 
PDP. The driving of PDP using the subfield method can 
realize the image quality, which is Substantially the same as 
the TV image of a cathode ray tube type. 

However, for example, when a moving picture of an 
object whose contrast is gradually changed is displayed, the 
So-called false contour, which is peculiar to a PDP image and 
does not appear on the TV image of the cathode ray tube 
type, is generated. 

The generation of the false contour is a phenomenon, 
which is caused by human visual characteristics. More 
Specifically, when the image Signal level has 256 tone levels, 
the color, which is different from the color to be originally 
displayed, appears in a Stripe form along a boundary of N 
power of 2 such as 128, 64, 32, 16 as if the tone was lost. 
However, when a still image is displayed, an observer does 
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2 
not feel Such a false contour. The feature of the false contour 
is recognized at only a moving portion and the periphery of 
the above Signal levels 
The principle of generating the false contour by the 

subfield half tone display ark method will be explained with 
reference to FIGS. 2(a) and 2(b). FIG. 2(a) shows a case in 
which the number of subfields in a field is 8 and they are 
arranged in order of increasing the luminance weight, that is, 
SF0, SF1, SF2, ..., SF7. It is assumed that a moving picture 
is moved three pixels in one filed when the Signal level at a 
certain pixel position changes from 127 to 128. FIG. 2(b) 
shows a change of luminance, which the observer receives 
when the observer watches the moving picture on the Screen. 

Thus, in the case that the signal level 127 (pixel light 
emission from SFO to SF6) and the signal level 128 (pixel 
light-emission in only SF7) are adjacent to each other, a tone 
difference is 1 LSB (1/256). A value of pixel light-emission 
that the observer feels on the eye's retina is an integral value 
of the number of the pixels when the image is shifted by a 
nonuniform pixel light-emission time. In other words, the 
pixel light-emission in the respective Subfields to be pro 
duced at the same pixel position is generated at the different 
pixel position in the moving picture. Therefore, the halftone 
luminance of the pixels cannot be expressed simply by the 
total Sum of the respective Subfields, and this is the reason 
why the observer feels the image as a false contour in one's 
eyes. 
As shown in FIG. 2(b), when the moving picture is 

scrolled from the left side of the display screen to the right 
side, the observer feels the boundary portion between the 
above Signal levels as a light line. Conversely, when the 
moving picture is Scrolled from the right Side to the left Side, 
the observer feels the Signal level boundary portion as a dark 
line by a Spatial Separation of the Subfields. 
On the other hand, in the display method in which the 

Subfields are arranged in order of decreasing the luminance 
weight, that is, SF7, SF6, SF5, ..., SF0, when the moving 
picture is Scrolled from the left Side of the display Screen to 
the right Side, the observer feels the Signal level boundary 
portion as a dark line. Conversely, when the moving picture 
is scrolled from the right side to the left side, the observer 
feels the Signal level boundary portion as a light line. 
Namely, the appearance of the false contour differs, depend 
ing on the moved direction of the moving picture on the 
display Screen. 

Moreover, the generation of the false contour also 
depends on the motion Velocity of the moving picture. The 
faster the motion Velocity, the larger the range where the 
false contour is generated becomes. For example, in a case 
of the moving picture in which ten pixels are shifted in one 
field, the false contour extends to ten pixels. 

Conventionally, various kinds of proposals are disclosed 
as measurements against the false contour. Japanese UneX 
amined Patent Publication No. 7-271325 discloses a tech 
nique in which the display order of the subfields is rear 
ranged in order Such that the false contour becomes 
inconspicuous instead of the order of Simple increasing a 
pulse number ratio Such as, 1, 2, 4, 8, 32, 64, 128. For 
example, the Subfields are displayed in order Such that the 
Subfield having the longest display period in the Subfields is 
arranged at the center of the field. Or, the display order of the 
Subfields is changed for each field. 

However, the advantages obtainable from the rearrange 
ment of the Subfields and the change of the light-emission 
Sequence in the Subfields for each field are extremely 
limited, and these measurements cannot deal with the false 
contour in the moving picture whose motion Velocity is fast. 
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Japanese Unexamined Patent Publication No. 8-123355 
discloses a technique of restraining the false contour using 
the motion detection. More specifically, an amount of 
motion and a direction are detected from two continuous 
moving picture in the field and an image corresponding to a 
background. Then, an amount of motion correction is 
obtained based on the detected value and a time divisional 
ratio in a unit time of each Subfield, and the light-emitting 
pattern of the corresponding subfield is shifted by the 
amount of correction. 

In Japanese Unexamined Patent Publication No. 
8-211848, the following technique is disclosed. Specifically, 
a motion vector is detected for each pixel block by display 
data between the fields, and a head subfield in the field 
displayS data corresponding to input data. Then, the Subse 
quent Subfields move display data So as to display an image 
by use of a value obtained by multiplying the motion vector 
by a value, which is obtained by dividing delay time from 
each head subfield by a field cycle. 

However, there is a case in which the complete matching 
with a visual light quantity cannot be made only by the shift 
of the light-emitting pattern of the Subfield and the change 
of display data in accordance with the above-mentioned 
motion quantity as described later. From the Visual 
experiment, it was found that the generation of the false 
contour could not be prevented only by moving Subfield data 
based on the motion quantity. Also, in the false contour 
control using the motion detection, a decisive fact of pre 
venting the false contour depends on how accurately the 
motion quantity is detected. However, the above prior art 
does not Sufficiently disclose the Specific structure of the 
practical motion detection 

According to the false contour correction method dis 
closed in Japanese Unexamined Patent Publication No. 
8-234694, concerning the pixel unit data corresponding to 
the same pixel unit, the previous value of a pixel unit at least 
one frame period before and the present value of a pixel unit 
are compared with each other. Then, when the digit places 
of the most significant bits of both pixel light-emission 
logical values are different from each other, correction data 
is added/Subtracted to/from the present value. 

However, in the above false contour correction method, 
there is possibility that a contrary effect will be brought 
about if the motion direction of the moving picture cannot be 
Specified. For example, when the bit digit place is detected 
in an upper direction, correction data is Subtracted. 
However, if the above calculation is carried out while the 
image is moving left, there is a case in which the false 
contour is oppositely emphasized and the contrary effect is 
brought about. Similarly, when the bit digit place is detected 
in a lower direction, correction data is added. However, if 
the above calculation is carried out while the image is 
moving in the opposite direction, the contrary effect is 
brought about. Further, there is a problem in which the 
above method cannot deal with the moving picture having 
high Velocity. 

Thus, in the conventional technique of restraining the 
false contour, there is the problem in which the detection 
accuracy of the motion vector is insufficient So that the false 
contour generated in the moving picture having high Veloc 
ity and the image whose density is flat can not be Sufficiently 
prevented. 

DISCLOSURE OF INVENTION 

In consideration of the above-mentioned problem, the 
present invention has been made. An object of the present 
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4 
invention is to provide moving picture display method and 
moving picture display apparatus for excellent picture qual 
ity which largely restrain the generation of the false contour 
of a moving picture observed by eyes in a display apparatus 
which performs a tone display according to a Subfield 
method. 
The object of the present invention is to provide, in a 

moving picture display method for displaying necessary 
tones by changing the combination of Subfields composing 
one field image, which is composed of a plurality of Sub 
fields having a different weight of luminance, the moving 
picture display method comprising the Steps of detecting a 
motion vector indicating a moved direction of the image and 
a shift quantity thereof from image data, generating newly 
image data for providing a tone equivalent to a tone, which 
a retina receives, to the retina when the image shifts in 
accordance with the detected motion vector, and determin 
ing the combination of Subfields based on the newly gener 
ated image data. 

Also, the present invention provides the moving picture 
display method in which a pixel density of a target pixel is 
distributed to an image region influenced by the target pixel 
moved for a Subfield period, and the presence or absence of 
light-emission of the Subfield in the respective pixels whose 
density is distributed from peripheral pixels is determined in 
accordance with the total Sum of pixel density. 
According to the present invention, the motion vector of 

the image is detected, and image data to be displayed is 
distributed and arranged along the moved direction of the 
detected motion vector So as to Structure Subfield drive data. 
The contribution rate of pixel light-emission time in each 
Subfield Section and that of the light quantity entering each 
retina position from the path of the movement of the light of 
Sight on the Screen are calculated from the vector value in 
accordance with the number of motion pixels and the motion 
direction at real time when the light of sight follows the shift 
pixel on the display image. Then, new Subfield data is 
produced from the output data. As a result, image data is 
converted in accordance with the number of shift pixels 
whose motion has been correctly detected and the moved 
direction thereof, and there is an advantage in which the 
generation of the false contour can be prevented. 

In the present invention, since the distribution of the 
image data is performed for each Subfield Sequentially, 
Subfield processing can be largely reduced, and a calculation 
Speed can be improved. 

Also, the present invention provides the moving picture 
display method in which the pixel position to which the 
image data is distributed and the distribution rate are cal 
culated based on the moved direction and the shift quantity 
of the detected motion vector. 

According to the present invention, there is an advantage 
in which the light quantity entering the retina can be 
correctly obtained. 

Also, the present invention provides the moving picture 
display method in which the motion vector of the image is 
detected, a four-corner motion vector showing the moved 
directions of the four corners for each pixel and the shift 
quantity thereof is detected based on the detected motion 
vector, and image data to be displayed is distributed and 
arranged along the detected four-corner motion vector So as 
to structure the Subfields. 

According to the present invention, even when the shape 
of the pixel is distorted with the motion of the pixel, the 
shape can be correctly grasped, and the pixel area and the 
contribution rate can be correctly obtained. 
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Moreover, the present invention provides the moving 
picture display method in which the motion of a pixel close 
to the Signal level at which the false contour is generated is 
captured, and present image data is corrected in accordance 
with the motion of the pixel. 

According to the present invention, Since the motion of 
the pixel is captured at a level close to the Signal level at 
which the false contour is generated, a local change of the 
image can be speedily detected without being influenced by 
deviation of a pixel value distribution. Since it is enough to 
detect a motion which occurs extremely locally with respect 
to the motion of a pixel causing the false contour, calculation 
time and the circuit Structure can be simplified. 

Also, the present invention provides the moving picture 
display method in which each of a present field image and 
a previous field image is made to be binary with a threshold 
value close to the Signal level at which the false contour is 
generated, the binary images are compared So as to detect 
the number of shift pixels of the moved pixels and the 
moved direction thereof, and the motion pixel having the 
Signal level at which the false contour is generated in the 
present field image is corrected in accordance with the 
number of shift pixels and the moved direction of the motion 
pixels. 

According to the present invention, the present field 
image and a previous field image are made to be binary with 
the threshold value close to the signal level at which the false 
contour is generated. As a result, the feature of the original 
image is reflected even in a Small region, and the motion of 
the pixel causing the false contour can be detected. Since the 
correction is made in accordance with the number of shift 
pixels of the pixels whose motion has been detected and the 
moved direction thereof, the generation of the false contour 
can be prevented. 

Moreover, the present invention provides the moving 
picture display method in which when the motion vector is 
detected from the present field image and the previous field 
image in a block unit, the motion vector is detected from a 
correlation value of identification codes provided to the 
present field image and the previous field image in accor 
dance with the pixel level. 

According to the present invention, Since the motion 
vector is detected from the correlation value of the identi 
fication codes provided to the present field image and the 
previous field image in accordance with the pixel level, the 
motion vector can be detected with high accuracy. 
Moreover, image data is corrected using the motion vector 
with high accuracy, thereby restraining the generation of the 
false contour and providing the high quality display. 

Furthermore, the present invention provides the moving 
picture display method in which a density gradient of the 
image is detected, and a flat portion of the density gradient 
is Subjected to data distribution processing of the present 
field image independent of the motion detection. 

According to the present invention, the generation of the 
false contour in the flat portion of the density gradient can 
be sufficiently restrained by the known data distribution 
processing, and the processing Speed is high. Therefore, the 
advantage of the known data distribution processing and that 
of the present invention can be effectively combined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing a luminance ratio of subfields; 
FIGS. 2(a) and 2(b) are views showing the principle of 

generating a false contour in a Subfield method; 
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6 
FIG. 3 is a general Structural view of a tone image display 

apparatus of a first embodiment of the present invention; 
FIG. 4 is a functional block diagram of a motion detection 

Section according to the first embodiment; 
FIG. 5 is a circuit diagram of a calculator in binary in the 

motion detection Section; 
FIG. 6 is a structural view of a comparison section in the 

motion detection Section; 
FIG. 7 is a structural view of a data correction processing 

Section; 
FIG. 8 is a structural view of a motion vector table; 
FIG. 9 is a structural view of a correction table; 
FIG. 10 is a table structural view showing first and second 

quadrants in the correction table; 
FIG. 11 is a table structural view showing third and fourth 

quadrants in the correction table; 
FIG. 12 is a view showing a general processing flow of the 

tone image display apparatus of the first embodiment of the 
present invention; 

FIG. 13 is a view showing the relationship between a 
multi-hierarchical image and a threshold value on a Sample 
image, 

FIG. 14 is a conceptual view of a block matching; 
FIG. 15 is a conceptual view of a known block KT 

proceSS, 
FIG. 16 is a view showing the specific examples of the 

known block and an undefined block in an undefined block 
processing: 

FIG. 17 is a view showing the specific examples of an 
edge detection window; 

FIG. 18 is a view showing the block relationship in the 
undefined block processing; 

FIG. 19 is a view showing the positional relationship of 
a linear interpolation in the undefined block processing; 

FIG. 20 is a flowchart of a majority decision processing, 
FIG. 21 is an operation flowchart of an integration pro 

cessing; 
FIG. 22 is a view showing the calculation of the integra 

tion process, 
FIG. 23 is a general Structural view of the tone image 

display apparatus according to the Second embodiment of 
the present invention; 

FIG. 24 is a block diagram of a configuration of an image 
converter in the tone image display apparatus of the Second 
embodiment of the present invention; 

FIG. 25 is a block diagram of a configuration of the 
motion detection Section in the tone image display device of 
the Second embodiment of the present invention; 

FIG. 26 is a view showing an example of providing 
identification codes in the Second embodiment of the present 
invention; 

FIG.27 is a view showing a general processing flow of the 
tone image display apparatus of the Second embodiment of 
the present invention; 

FIG. 28 is a view showing the relationship between the 
multi-hierarchical image and the threshold value on a 
Sample image in the Second embodiment of the present 
invention; 

FIG. 29 is a general operation flowchart of a motion 
vector detection based on the if identification codes in the 
Second embodiment of the present invention; 
FIG.30 is an operation flowchart for obtaining the motion 

vector in the Second embodiment of the present invention; 
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FIG. 31 is an operation flowchart of the integration 
processing in the Second embodiment of the present inven 
tion; 

FIG. 32 is a block diagram of a configuration of the data 
correction processing Section in the Second embodiment of 
the present invention; 

FIG.33 is a block diagram of a configuration of a density 
gradient detection Section in the Second embodiment of the 
present invention; 

FIG. 34(a) is a structural view of a multi-value error 
distribution method; 

FIG. 34(b) is a structural view of a pixel distribution 
method; 

FIG. 35 is a view showing one example of patterns in the 
pixel distribution method; 

FIG. 36 is a general structural view of the tone image 
display apparatus of a third embodiment of the present 
invention; 

FIG. 37 is a view showing the specific structure of an 
image data calculation converting Section; 

FIG. 38 is a view showing a motion vector at a certain 
position; 

FIG. 39 is a view showing a pixel light-emission Sequence 
in the subfields in the third embodiment of the present 
invention; 

FIG. 40 is a view showing that image data moves at 
positions on a display; 

FIG. 41 is a view showing the structure in which inter 
mediate coordinate extraction Sections input motion vector 
data and image data, and output new image data and a binary 
bit map therefrom; 

FIG. 42 is a conceptual view visually showing the flow 
from a register having image data arranged at a certain 
position (x, y) on the display to a new image data storage 
Section having new image data arranged; 

FIG. 43 is a view visually showing an adder output and a 
Subtracter output; 

FIG. 44(a) is a view showing a state in which a visual 
point moves on the display; 

FIG. 44(b) is a view showing state in which two-pixel 
image data move and a retina pixel moves in accordance 
with image data; 

FIGS. 45(a), 45(b) and 45(c) are views showing how 
much the retina pixel area for one unit is influenced by each 
pixel on the display with figures up to the third decimal 

FIGS. 46(a) and 46(b) are views showing data before an 
image processing and a result of the processing; 

FIG. 47 is a view showing processing in a first subfield 
Section; 

FIG. 48 is a view showing processing in a second subfield 
Section; 

FIG. 49 is a view showing processing in a third subfield 
Section; 

FIG. 50 is a view showing that pixels of certain image 
data have shifted during time t1 to t2; 

FIG. 51 is an enlarged view showing a portion around a 
position (x0, y0) on the display; 

FIGS. 52(a) and 52(b) are views showing that retina 
pixels are overlapped at a certain position on the display; 

FIGS. 53(a) and 53(b) are views showing retina pixels, a 
rectangle Surrounding all retina pixels, and minimum and 
maximum coordinates of the rectangle; 

FIGS. 54(a), 54(b) and 54(c) are views explaining how to 
obtain a contribution rate; 
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FIG. 55 is a view showing positions of retina pixel at 

various time; 
FIG. 56 is a view showing the overlapping of the retina 

pixel and the position (x, y) on the display at a certain time; 
FIG. 57 is a view showing the specific configuration of the 

image data calculation converting Section; 
FIG. 58 is a view showing a state in which image data 

shifts at positions on the display; and 
FIG. 59 is a view showing the structure in which inter 

mediate coordinate extraction Sections input motion vector 
data and image data and output new image data and a binary 
bit map therefrom. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the present invention will be specifically 
described with reference to the accompanying drawings. 
(First Embodiment) 

FIG. 3 shows a general configuration of a tone display 
device to which the moving picture display method of the 
present invention is applied. In this tone display device, a 
Video signal processor 1 Separates a Video signal into the 
respective color components R, G and B, and an A/D 
converter 2 converts these color components to digital image 
of R, G and B, thereafter inputting these digital image to a 
motion detection Section 3. In the motion detection Section 
3, Smoothing processing, a multi-hierarchical binary 
processing, block matching processing, and majority/ 
integration decision processing are carried out So as to detect 
the number of motion pixels and the moved direction respect 
to an inputted image. Information on the number of motion 
pixels, the moved direction, and detection block, which have 
been detected by the motion detection Section 3, are input to 
a data correction processing Section 4 having a correction 
table in which an amount of correction is Set in accordance 
with the number of motion pixels and the moved direction. 
Then, each tones of pixels generating a false contour is 
corrected and output to an output processing Section 5. The 
output processing Section 5 converts tone data of each pixel 
to the number of pulses corresponding to a Voltage applied 
time width so as to provide to an X scan driver 7 and a Y 
scan driver 8. Thereby, a halftone display is performed on an 
image display section 6 composed of PDP. 

Note that a Synchronous Separation processor 9 Separates 
a Synchronous signal from the Video signal, and that a timing 
generator 10 generates a timing Signal Synchronized with an 
input video Signal So as to provide to each Section. 
The Specific configuration of the motion detection Section 

3 is shown in FIG. 4. Original image data input from A/D 
converter 2 is input to a present field block B1, while being 
delayed for one field by a delay circuit 20 to be input to a 
previous field block B2. In the present field block B1, 
original image data of the present field is input to a Smooth 
ing filter block 21-1 having three smoothing filters of R, G 
and B. Then, inputted original image data is Subjected to 
Smoothing processing for each color, thereby removing 
noise components included in the original image. The origi 
nal image data Subjected to the Smoothing processing is 
input to a multi-hierarchical binary block 22-1 having a 
multi-hierarchical binary processing Section provided for 
each color of R, G and B to Subjected to binary proceSS using 
a plurality of threshold values for each color. Here, the 
threshold values are Set at a level close to a signal level at 
which the false contour is generated. For example, in the 
case of displaying 256-level by 8 bits, the threshold values 
are set from 31 to 32, 63 to 64, 127 to 128, and the values 
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including their opposite Signal levels. Binary image data 
obtained for each threshold value is Stored in an image 
memory for each color in a multi-hierarchical image 
memory block 23-1. 
The previous field block B2 which processes an original 

data in a previous field which is present one field before the 
current field has the same configuration as the present field 
block B1. More specifically, the one-field previous original 
image data is Subjected to Smoothing processing for each 
color in a Smoothing filter block 21-2, and then Subjected to 
binary processing using a plurality of threshold values for 
each color in a multi-hierarchical binary block 22-2 having 
a multi-hierarchical binary processing Section provided for 
each color of R, G and B. Multi-hierarchical image data 
obtained for each threshold value is Stored in an image 
memory for each color in a multi-hierarchical memory block 
23-2. 

In the block matching processing for detection of a pixel 
motion, an address mapping Section 24-1 performs an 
address mapping for obtaining an address of a detection 
block KB to be fetched from the present field image, and an 
address mapping Section 24-2 performs an address mapping 
for obtaining an address of a reference block RB to be 
fetched from the previous field image. Image data of each of 
the detection block KB and the reference block RB is input 
to a motion vector detector 25. 

The motion vector detector 25 comprises a binary calcu 
lation block 26 having respective binary calculators for each 
color and a comparison detection block 27 having respective 
comparators for each color, and obtains the motion of 
images for inter-field by block matching. 
A majority/integration decision Section 28 determines the 

number of motion pixels and the moved direction of each 
detection block KG, and registers the determination result to 
a motion vector table 29. 
A data correction processing Section 4 corrects pixel data 

of the false contour portion using the motion vector table 29 
and a correction table prepared based on a visual experiment 
in advance. 

The Specific operation of tone display apparatus config 
ured as described above will be described below. 

FIG. 12 is a view conceptually extracting the processing 
contents in each block in the motion detection Section 3 
shown in FIG. 4. The following will explain the processing 
contents in each block in the motion detection Section 3 
shown in FIG. 12. 

Each of the present field image and the previous field 
image is Subjected to binary processing using the threshold 
value, which is set at the Signal level at which the false 
contour is generated. 

Here, the concept of the multi-hierarchical binary image 
will be explained with reference to FIG. 13. 

In FIG. 13, a horizontal axis denotes a pixel position, and 
a vertical axis denotes a pixel value. A variation range of the 
pixel value is divided into (n+1) sections by n threshold 
values Th1 to THn (n=5 in this figure), and a binary pixel 
value is allocated to be different between the adjacent 
Sections. The respective pixels are made to be binary in 
accordance with which Section the pixel value belongs to. 

According to the above binary method, it is possible to 
express a local change of the image without being influenced 
by deviation of the pixel value distribution. For this reason, 
the binary image reflects the feature of the original image 
even in a Small amount of regions Such as the block for the 
motion vector detection. Since it is enough to detect a 
motion which occurs extremely locally with respect to the 
motion of a pixel causing the false contour, calculation time 
and the circuit Structure can be simplified. 
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Next, the following will explain the block matching 

method in the motion vector detector 25. 
The block matching method is used as a method for 

obtaining the motion of the imageS for field-interval. 
According to this method, the detection block KB is set at 
a size having 16 horizontal pixels and 16 vertical pixels, and 
the reference block RB is set at the same size as the detection 
block size KB. At this time, if a reference region R con 
taining the reference block RB is set to have 48 horizontal 
pixels and 48 vertical pixels, the number of the motion 
pixels in the horizontal direction (X-direction) can be 
detected from -16 pixels to +16 pixels. Similarly, the 
number of the motion pixels in the vertical direction 
(y-direction) can be detected from -16 pixels to +16 pixels. 
When the moving picture moves on the display Screen, a 
conspicuous false contour appears at a portion where the 
inter-field motion is at near 6 to 15 pixels. Therefore, as the 
capability of detecting the number of motion pixels, the 
above-mentioned degree is needed. As shown in FIG. 12, the 
image motion between the present field and the previous 
field is obtained in a rectangular block unit. With respect to 
detection blocks KB obtained by dividing the present field 
into a plurality of reference regions R, each block KB is 
compared to respective reference block RB contained in the 
reference regions R in the previous field in order to deter 
mine the degree of block matching with reference block RB 
and find the most matched block. Then, the amount of 
motion during this time is obtained as a motion vector. 
At this point, the degree of the block matching is deter 

mined by a predetermined evaluation function value. Then, 
the detection of the motion vector is performed by Searching 
a reference block RB with the minimum evaluation function 
value among from a large number of reference blocks RB 
contained in the reference region R. 

In the case where the structure based on the above method 
is applied to a tone image, a large amount of calculations 
Such as a Subtraction, a comparison are performed for the 
evaluation function value using the pixel values expressed 
by multi-values (e.g. 8 bits). For this reason, the number of 
reference blocks RB, which can be evaluated in a real time 
process, is limited, causing a case where the reference 
blocks RB, which provided the correct motion vector, were 
not evaluated, with the problem that the detection accuracy 
of the motion vector was decreased. 

For restraining the false contour in PDP, since the signal 
level at which the false contour is generated is known, the 
image close to the portion where the false contour is 
generated is made to be binary in order to obtain the motion 
of the image close to the portion. Then, the motion vector of 
the binary image is obtained, thereby improving calculation 
time and accuracy. The motion vector of the image having 
no false contour generated can be ignored. 

In a binary calculation block 26, an evaluation function 
showing a matching degree is calculated. FIG. 5 shows the 
configuration of a binary calculating Section in the case 
where a size of the detection block KB is 4x4 pixels. Note 
that the size of the detection block KB is 16x16 pixels and 
a size of the reference region R is 48x48 pixels, the 
explanation hereinafter will be made using the size of 4x4 
pixels in order to Simplify the explanation. 
The binary calculating Section comprises binary line 

matching sections 30-1, 30-2, 30-3, 30-4 for detecting 
inter-field matching for respective four lines in the block. 
The binary line matching section 30-1 evaluates the line 
matching of the first line between the present field and the 
previous field. Line data of the first line of the detection 
block KB is input to a shift register 31-1, and line data of the 
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first line of the reference block RB is input to a shift register 
31-2. The shift registers 31-1 and 31-2 can store data of four 
pixels. Then, pixel data at the same pixel position are 
respectively output from two shift registers and input to 
exclusive-OR circuits 32-1, 32-2, 32-3, 32-4. Outputs from 
the exclusive-OR circuits are added by a bit addition circuit 
33, and the result is input to a multiplexer 34. 

The binary line matching sections 30-2, 30-3, 30-4 have 
the same configuration as the binary line matching Section 
30-1. The binary line matching portions 30-2, 30-3, 30-4 
evaluate the line matching of the Second to fourth lines 
respectively, and input bit addition values, Serving as line 
evaluation values, to the multiplexer 34 respectively. The 
outputs from the binary line matching sections 30-1, 30-2, 
30-3, 30-4 are selectively input to an adder 35 through the 
multiplexer 34, and Stores an addition value, obtained by 
adding evaluation values of four lines, in a register 36 as a 
block evaluation value for one block. A register 37 is used 
to control the outputs. 

In the above binary calculating Section, data of the detec 
tion block KB and that of the reference block RB, which are 
Supplied from the multi-hierarchical image memory through 
a signal line, are input to the binary line matching Sections 
30 by a Scanning line unit. In the respective line matching 
portions 30-1 to 30-4, binary data for each pixel is fetched 
using the shift registers 31-1 and 31-2. Then, a match/ 
mismatch of the pixels at the same position in the blocks are 
evaluated by the exclusive-OR circuits 32-1 to 32-4. When 
the mismatch is evaluated, the value 1 is Supplied to a bit 
addition circuit 33, and when the match is evaluated, the 
value 0 is Supplied thereto. 

The bit addition circuit 33 calculates the total Sum of these 
values. The bit addition value indicates the number of 
mismatch pixels for each Scanning line. The total Sum is 
output to the binary line matching portion 30 through the 
Signal line, and Supplied to the multiplexer 34. The multi 
plexer 34 sequentially selects the output from the bit addi 
tion circuit 33 for each line using a Selective control Signal 
provided from a Selective control line, thereby Supplying the 
output to the adder 35 through the signal line. A total sum of 
the input values is obtained by the adder 35 and the register 
36, the number of mismatch pixels between the blocks is 
obtained as a valuation function value. 

Next, the following will explain an operation of a com 
parative detection block 27. 

FIG. 6 shows the configuration of a comparison Section in 
the comparative detection block 27. The comparison Section 
comprises a register 41 for Storing the minimum evaluation 
function value, a register 42 for Storing an moved amount of 
the reference block RB showing the minimum evaluation 
function value, a comparator 43 for comparing the present 
minimum evaluation function value with an output from the 
binary calculating Section to be compared this time, multi 
plexers 44 and 45. 

In the comparison Section, the minimum value of the 
evaluation function value at each time is Stored in the 
register 41, and the moved amount of the reference block RB 
corresponding to the minimum value is Stored in the register 
42. The comparator 43 compares the evaluation function 
value Supplied through the Signal line with the minimum 
value of evaluation function value Supplied from the register 
41, and the comparison result is provided to two multiplex 
erS 44 and 45 through the Signal line as a Selective control 
Signal. When the input from the binary calculating Section is 
Small, the multiplexer 44 updates the content of the register 
41 with the evaluation function value input from the binary 
calculating Section, and the multiplexer 45 updates the 
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12 
content of the register 42 with the moved amount input from 
the binary calculating Section. The moved Stored in the 
register 42 is finally provided to a majority/integration 
decision section 28 as a motion vector of the detection block 
KB. 
The following will explain an operation of the majority/ 

integration decision Section 28. 
The majority/integration decision Section 28 carries out 

processing for calculating the detection block, in which no 
motion has been detected by the comparison between the 
detection block of each of components of R, G and B and the 
reference block, that is, the undefined block from informa 
tion of the known blocks there around. Also, the majority/ 
integration decision Section 28 carries out integration/ 
calculation processing for obtaining one motion vector from 
motion vector information of the detection block of each of 
components of R, G and B. 
The motion vector detector 25 detects a motion vector in 

each detection block KB obtained by dividing the present 
field into a plurality of blocks, and inputs the information on 
the detected motion vectors to the majority/integration deci 
Sion Section 28. The majority/integration decision Section 28 
executes the undefined block processing and the majority 
decision processing to determine the number of motion 
pixels and the motion direction in each detection block KB, 
and registers the determination result into a motion vector 
table 29. 
The following will explain the undefined block processing 

executed by the majority/integration decision Section 28 
with reference to FIGS. 15 to 17. 
When the multi-hierarchical binary image is divided into 

blocks, in the case an edge portion of the image is present 
in the block, the number of motion pixels can be obtained. 
However, in the case where all image data in the block are 
in “1” regions and the regions are adjacent to each other, the 
number of motion pixels cannot be found in the block 
region. 

In Such a case, the number of motion pixels in this block 
region is set to be undefined (e.g., flag is set at 1) at the time 
of detecting the motion vector, and is temporarily registered 
as distinguished from the other blocks. Then, the number of 
motion pixels and the direction thereof in an undefined block 
FT region sandwiched by the known block KT region are 
obtained from the known block KT. Since the undefined 
block FT region has the same motion as the known block KT 
region, the same value of the umber of motion pixel as in the 
around known block KT is adopted. 
AS a Specific method, an image map method is consid 

ered. For example, in the case of the So-called VGA type 
having the binary imageSize of 640 pixels in the horizontal 
direction and 480 pixels in the vertical direction, when the 
detection block KB for the motion vector is composed of 
16x16 pixels, the number of blocks is 1200, which is 
obtained by divided horizontal 40 regions and vertical 30 
regions, as shown in FIG. 16. As a result, the undefined 
block FT can be obtained from the shape of the known block 
KT Surrounding the undefined block FT as an image map of 
40x30 pixels. Here, the undefined block FT is set as a region 
of binary image data “1” and the known block KT is set as 
a region of binary image data “0.” 

In this method, there is used an edge detection window 
operator of 3x3 as shown in FIG. 17. FIG. 17 shows nine 
examples of the combinations of 3x3 edge detection pat 
terns. A block image of 40x30 is scanned through the 
window. Then, if there is a portion matching with the edge 
pattern on a basis of a notice point, the portion is regarded 
as a boundary portion between the undefined block FT 
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region and the known block KT region, and the undefined 
block FT is replaced with the known block KT. The number 
of motion pixels of the undefined block FT is equal to that 
of the known block KT including the notice point. 

Next, the following will explain a linear interpolation 
method, which is a high accurate method. 

FIG. 18 shows the relationship between the blocks includ 
ing the undefined blockS according to this method. The Steps 
of the linear interpolation method in this case are carried out 
as follows: 

In FIG. 18, the search of known block of a flag “-1” is 
performed to the right direction from a object block as a 
base. If Such a block is present, the motion vector of the 
block is extracted, and the block is Set as a reference block 
1. At this time, the motion vector at the position of the 
reference block 1 is shown by (x1, y1), and a distance from 
the object block is set as d1. Note that a motion vector is 
represented by the number of motion pixels and a motion 
direction of motion pixels (+/-). 

Next, the search of (the) known block of a flag “-1” is 
performed to the left direction from the object block as a 
base. If Such a block is present, the motion vector of the 
block is extracted, and the block is Set as a reference block 
2. At this time, the motion vector at the position of the 
reference block 2 is shown by (X2, y2), and a distance from 
the object block is set as d2. 

Moreover, the search of known block of a flag “-1” is 
performed to the upper direction from the object block as a 
base. If Such a block is present, the motion vector of the 
block is extracted, and the block is Set as a reference block 
3. At this time, the motion vector at the position of the 
reference block 3 is shown by (X3, y3), and a distance from 
the object block is set as d3. 

Finally, the search of known block with a flag “-1” is 
performed to the lower direction from the object block as a 
base. If Such a block is present, the motion vector of the 
block is extracted, and the block is Set as a reference block 
4. At this time, the motion vector at the position of the 
reference block 4 is shown by (X4, y4), and a distance from 
the object block is set as d4. 

Thus, the weight to each reference block is calculated 
from the distance between the reference block, which is 
extracted by Searching in the right, left, upper and lower 
directions, and the object block. Then, the motion vector of 
the object block is obtained in accordance with the following 
equations for the linear interpolation method using the 
weights and the motion vectors of the reference blockS. 

From FIG. 18, the weight to each reference block is given 
by the following equations. 

Then, the motion vector (mx, my) of the object block to be 
obtained by the linear interpolation is given by the following 
equations. 

The above equations are repeated the number of times 
corresponding to the number of blocks, and the motion 
vector of the undefined block can be obtained by the linear 
interpolation. 
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FIG. 19 is a graph showing the positional relationship of 

the linear interpolation. 
Here, if i, j, k and, l are respective distances from the 

notice point P, and Pi, P, Pk and, Pl are respective values of 
point Separated from P by i, j, k, and l, the interpolation 
equations of the object block position P are expressed as 
follows: 

where the weight to each point is I. 
Therefore, the value (Px, Py) of the point to be obtained 

is given as follows: 

Py=((Piyxii)+(Piyxii)+(PkyxIk)+(PlyxII))/A (5) 

Here, the following equation (6) is obtained. 
A=(i+Ij+Ik+II) (6) 

AS mentioned above, the motion vector of the undefined 
block FT for each of R, G and B images is obtained from the 
number of motion pixels of the known block KT by the 
equations. Next, the motion vector value of each block is 
obtained from the motion vector of each of R, G, and B by 
the integration processing Such as the majority decision. 

Here, the Specific content of the integration proceSS using 
the majority decision processing will be explained with 
reference to the flowchart of FIG. 20. 
The motion directions and the numbers of motion pixels 

of the respective blocks of R, G, and B images should be the 
Same Since these blocks are the same with respect to the R, 
G and B imageS. In Some cases, however, a calculation error 
is generated due to the binary calculation and comparison 
Section in the block of the object image. 
To deal with Such a case, the number of motion pixels in 

X and y directions for each block is input (S1), and it is 
determined whether or not X and y moved directions match 
with each other for each of R, G and B images (S2). In this 
case, in a correction/Selection of the moved direction (S3), 
it is determined whether or not the polarity of moved 
directions of motion pixels in the X and y directions of each 
block of R, G, and B respectively output from the binary 
calculation/comparison detection blocks 26 and 27. The X 
and y motion directions has a polarity based on the coordi 
nate axes of the first to fourth quadrants. Then, it is deter 
mined whether or not the reference marks are the same as 
each other with respect to R, G and B. With respect to X and 
y directions of the motion direction in each of R, G and B 
images, the majority decision processing is provided to the 
polarity of the corresponding block and those of the block 
adjacent thereto. Then, the result of the majority decision 
processing is registered in the motion vector table 29 (S6) as 
the motion direction. The accuracy of the motion direction 
is improved by Such means. 

Similarly, in a correction/Selection of the number of pixels 
(S5), it is determined whether or not the number of motion 
pixels of R, G and B images in the X and y directions 
respectively output from the binary calculation/comparison 
detection blocks 26 and 27 are the same as each other with 
respect to R, G and B images (S4). If the number of motion 
pixels of the respective R, G and B images is completely 
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different from each other, there is adopted an average value 
of values obtained by performing the weighting on each 
number of motion pixels from the central value to closer 
value in order. The average value is registered to the vector 
table 29 as the number of motion pixels (S6). The average 
value is normally obtained by counting fractions of 5 and 
over as a unit and disregarding the rest. 

For example, it is assumed in the R, G and B images that 
the numbers of motion pixels in the X direction are 6, 5, and 
2, and that the weights are 2, 3, and 1, respectively. The 
number of motion pixels in the X direction is a value, which 
is obtained by dividing (2x6+3x5+1x2) by (2+3+1), that is, 
five pixels. 

This can be applied to the case where two Same numbers 
are present as the number of motion pixels for each of R, G 
and B images. For example, it is assumed in R, G, and B 
images that the numbers of motion pixels in the X direction 
are 2, 5, and 2, and that the weights are 2, 3, and 1, 
respectively. The number of motion pixels in the X direction 
is a value, which is obtained by dividing (3x2+1x5+2x2) by 
(3+1+2), that is, three pixels. The number of motion pixels 
in the y direction may be performed in the same way as in 
the X direction. 

Next, the following will explain the integration process 
ing for improving the accuracy of the motion vector. 

FIG. 21 is an flowchart for obtaining one motion vector 
from the motion vector value of each of the R, G, and B 
images. 

In the integration processing shown in FIG. 20, there is 
generated a block in which the obtained value of the motion 
vector does not match the real value in the point of the 
accuracy because of the calculation processing for only the 
object block of each of the R, G, and B images. This 
examination result Suggests the points that whether the 
object block is the undefined block or the known block must 
be clarified, and the motion vectors of the peripheral blocks 
Surrounding the object block must be taken into consider 
ation in order to improve the accuracy. 

Therefore, as shown in the flowchart of FIG. 21, in this 
integration processing, the flag of the object block is 
checked (S10). When the flag is 1 (S11) and '0' (S12), no 
motion vector of the object block is extracted. Only when 
the flag is “-1 (S13), the motion vector of the object block 
is extracted (S14). Thereafter, motion vectors of peripheral 
eight adjacent blockS Surrounding the object block are 
extracted (S15), and the extracted motion vectors are sorted 
for each of X and y components, and a central value among 
from those values is set as a representative value (S16). 

The above processing is executed up to the number of R, 
G and B images to be integrated (S17), and the following 
processing is executed corresponding to the number of 
representative values. The representative values are repre 
Sented respectively for each component of R, G and B. 
When the number of representative values is one (S18), the 
motion vector value of the object block, as an integration 
result, is Set at flag=-1 and the representative value remains 
unchanged (S23). When the number of representative values 
is two (S19), that is, the case where the number of object 
blockS is an even number, the average value of two repre 
sentative values is obtained (S21). The motion vector value 
of the object block, as an integration result, is Set at flag=-1, 
and the average value calculation result is adopted (S24). 
When the number of representative values is three (S20), the 
average value of three representative values is obtained 
(S22). The motion vector value of the object block, as an 
integration result, is Set at flag=-1, and the average value 
calculation result is adopted (S24). This processing is 
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executed until the total number of blocks (S26), thereby 
obtaining the motion vector value of the object block. 

Moreover, FIG. 22 shows examples of the integration 
processing for obtaining one motion vector from motion 
vectors of the object block and the eight adjacent blockS. 

FIG. 22(a) shows an example in which motion vector 
values of the object block and the eight adjacent blocks are 
extracted with respect to the motion vector of each of the R, 
G and B images. At this time, the block marked by mesh 
lines is the object block. The blocks marked by (-, -) in the 
figure show blocks in the area (flag=0) where no motion 
vector is detected. 

FIG. 22(b) shows a time when blocks having effective 
motion vector are extracted using the R, G and B vectors. 

FIG. 22(c) shows steps of sorting the R, G and B motion 
vectors for each of X and y directions in order of decreasing 
the numeral value, respectively. 

FIG. 22(d) shows examples of calculating the represen 
tative values of the R, G and B motion vectors of R, G and 
B images, respectively. In this case, when the number of data 
of the motion vectors is an odd number, the central value is 
Selected among from arranged values, and when the number 
of data is an even number, the average value of two central 
values is calculated. At this time, the motion vector value is 
obtained by discarding the fractional portion of the number. 
In this way, the respective representative values of R, G and 
B images are obtained. 
By use of the above result, the integration processing is 

carried out in the manner shown in FIG. 21. Namely, when 
the number of representative values is one, the representa 
tive value remains unchanged. When the number of repre 
Sentative values is two, the average value of two represen 
tative values is adopted. When the number of representative 
values is three, the average value of three representative 
values is adopted. The calculation of the average value is 
obtained by counting fractions of 0.5 and over as a unit and 
disregarding the rest in any case. 
The result of the motion vector in this case can be given 

by the following equation: 

Therefore, the motion vector in the X direction is 7, and 
the motion vector in the Y direction is 1. 
According to the result of the above integration 

processing, in the VGA type having 640x480 pixels, Since 
the detection block has 16x16 pixels, the total number of 
detection blocks is 1200. The averaged error obtained by this 
integration processing is improved about 20% as compared 
with the System previously mentioned, extreme variations in 
the motion vector are not shown, and there can be obtained 
the result in which the entire motion vector can be correctly 
reflected. 

Thus, the respective numbers of the motion pixels 
obtained for the R, G and B images are integrated into one 
value for each block, and registered into the motion vector 
table as the number of motion pixels. 

Next, the following will explain the processing content of 
the correction processing block 4. 
The configuration of the data correction processing Sec 

tion 4 is shown in FIG. 7. Motion vector information of each 
detection block KB of the present field is registered in the 
motion vector table 29. 
The structure of the motion vector table 29 is shown in 

FIG. 8. FIG. 8 presents an example of the motion vector 
table in the case of the VGA type, which can display the 
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image having 640 pixels in the horizontal direction and 480 
pixels in the Vertical direction. In this case, if the detection 
block has 16 pixels in the horizontal direction and 16 pixels 
in the vertical direction, the total number of blocks is 1200, 
and the number of motion pixels and the direction of each 
block are registered in table with respect to each block. Here, 
the upper left portion of each block is Set as an origin of 
coordinates. The block number of the detection block KB, an 
offset value from the origin of the detection block KB, and 
the number of motion pixels (including the moved direction) 
from the previous field of the detection block KB are 
registered in order of the detection block in which the 
motion detection of the present field image has been fin 
ished. 

FIG. 9 shows a partial structure of a correction table 53, 
and FIGS. 10 and 11 show the specific table structure. The 
correction table 53 has correction data registered thereto in 
a state that the motion direction in the detection block KB is 
divided into first to fourth quadrants. In the first quadrant, 
each correction data is registered corresponding to the 
number of motion pixels in the X direction (+ direction) as 
the horizontal direction. In the Second quadrant, each cor 
rection data is registered corresponding to the number of 
motion pixels in the y direction (+ direction) as the vertical 
direction. In the third quadrant, each correction data is 
registered corresponding to the number of motion pixels in 
the X direction (- direction) as the horizontal direction. In 
the fourth quadrant, each correction data is registered cor 
responding to the number of motion pixels in the y direction 
(- direction) as the vertical direction. 

FIG. 10 is a matrix table showing that correction data with 
respect to the motion to the + direction and - direction the 
first and third quadrants corresponds to the change of the 
Signal level and the position. 

Similarly, FIG. 11 is a matrix table showing that correc 
tion data with respect to the motion to + and - directions in 
the X direction, i.e., the motion to the Second and fourth 
quadrants, corresponding to the change of the Signal level 
and the position thereof. In this explanation, correction data 
is not written. 

In the correction processing block 4, original image data 
of the present field is input to a false contour generation level 
detector 51. The false contour generation level detector 51 
detects X and y coordinates of a false contour generation 
predictive point where the generation of the false contour is 
predicted by the Signal level of each pixel from the present 
field image. AS mentioned above, Since the Signal level at 
which the false contour is generated is close to the Signal 
level boundary of N power of 2, the pixels close to the signal 
level boundary of N power of 2 are extracted. 

All false contour generation predictive points detected in 
the false contour generation level detector 51 are provided to 
a false contour generation pixel candidate detector 52. The 
false contour generation pixel candidate detector 52 speci 
fies the pixel position, which is recognized as a false contour 
at a real display in View of Visual characteristics, from the 
false contour generation predictive points as a candidate of 
false contour generation pixel. In specifying the pixel posi 
tion recognized as a false contour at the real display, the 
generation density at the false contour generation predictive 
point is considered. 
AS the processing for this case, it is possible to detect the 

density of the candidate point by the window operator of 3x3 
or 5x5 around the X and y coordinates at the false contour 
generation predictive point. It is possible to determine 
whether or not the correction processing is performed by the 
number of detection points when the candidate point is 
isolated at one point. 
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The false contour is actually generated at the false contour 

generation pixel candidate when the detection block KB, to 
which the false contour generation pixel candidate belongs, 
actually shifts. 
When the detection block KB, to which the false contour 

generation pixel candidate belongs, is the shift block, the 
detection block number and the number of motion pixels in 
the X and y directions are extracted from the motion vector 
table 29 to be provided to the correction table 53. In the 
correction table 53, an amount of correction is registered 
corresponding to the number of motion pixels. The correc 
tion table 53 is made by the amount of correction predeter 
mined from the visual experiment using the PDP according 
to the structures of FIG. 10 and FIG. 11. 

Correction data Specified by the false contour generation 
level, which is output from the false contour generation pixel 
candidate detector 52, and the number of motion pixels in 
the X and y directions, which is extracted from the motion 
vector table 29, is extracted from the correction table 53, and 
provided to a correction calculating Section 54. In correcting 
original image data, Since correction data for the pixel 
having the false contour generation level and a motion is 
provided from the correction table 53 corresponding to the 
number of pixels and the moved direction thereof, the 
correction calculating Section 54 corrects the Signal level to 
adjust to the Visual light amount. 

Thus, according to the constitution of the present 
invention, Since the motion detecting processor and the data 
correcting processor are separated, while having the Subor 
dinate relationship therebetween, flexible correction pro 
cessing can be carried out. 
(Second Embodiment) 

FIG. 23 is a general configuration diagram of a tone image 
display device of a Second embodiment of the present 
invention to which the motion detecting method and the 
moving picture display method are applied. In the tone 
image display device in FIG. 23, a Video signal processor 
101 Separates a Video signal into the respective color com 
ponents of R, G and B. An A/D converter 102 converts the 
Video signal to image data of R, G and B, thereafter inputting 
to an image converter 103, a data distribute processing 
section 106 and a data correction processing section 107. 
The image converter 103 converts the respective signals of 
R, G and B to equivalent luminance signals (Yt) and further 
carries out the conversion to the present field image and the 
previous field image and Smoothing processing. Then, these 
image Signals are input to a motion detection Section 105 and 
a density gradient detection Section 104. The density gradi 
ent detection section 104 detects the so-called Solid area 
where a flat portion of the density gradient in the image by 
use of morphology processing Such as an image density 
difference detection, a binary process, expansion and con 
traction. The motion detection section 105 carries out thresh 
old processing, block matching processing, and integration 
determination processing, thereby detecting the number of 
motion pixels and the moved direction thereof in input 
imageS. Information on the number of motion pixels, the 
moved direction and detection block, which have been 
detected by the motion detection section 105, are input to a 
data correction processing Section 107. In the data correction 
processing section 107, combinations of subfield patterns of 
input pixel position data are calculated based on the result of 
the number of the motion pixels and the moved direction 
thereof. Then, reconstruction of subfield data adaptable to 
the Visual light quantity is performed. Thereby, tone data of 
pixels where the false contour is corrected. 
On the other hand, the data distribute processing Section 

106 carries out data processing which does not depend on 
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the motion detection, Such as an error diffusion method. A 
data selector 108 performs the Switching of data to be 
applied, Specifically Selects output data from the data dis 
tribute processing Section 106 or output data from the data 
correction processing section 107 for each block of the 
image corresponding to the detection signal from the density 
gradient detection Section 104. The output data is input to an 
output processing Section 109. The output processing Sec 
tion 109 converts tone data of each pixel to the number of 
pulses corresponding to the Voltage apply time to provide it 
to an Xscan driver 110 and a Y scan driver 111. Thereby, the 
halftone is displayed on an image display 112, which is 
composed of PDP. 

Note that a Synchronous Separation processor 113 Sepa 
rates a Synchronous signal from the Video Signal, and that a 
timing generator 114 generates a timing Signal Synchronized 
with the input video signal So as to provide to each Section. 

The following will explain an operation of the tone image 
display apparatus configured as described above. 

The Video signal processor 101 Separates the Video signal 
into the respective color components of R, G and B. The A/D 
converter 102 converts the Video Signal to image data of R, 
G and B so as to provide it to the image converter 103, the 
data distribute processing Section 106 and the data correc 
tion processing section 107. 

The Specific block configuration diagram of the image 
converter 103 is shown in FIG. 24, and the operation will be 
explained. The original image Signals of R, G and B input 
from the A/D converter 102 are delayed for one field by a 
delay circuit 120, thereafter these signals are input to an N-1 
field Y image converter 121. The N-1 field Y image con 
verter 121 converts each of the input original image Signals 
of R, G and B to an equivalent luminance signal (Yty) 
shown in equation (8). 

The N-1 field image signal, that is, previous field Yt 
image Signal is input to a Smoothing filter 123 to remove a 
noise component included in the original image. 

Similarly, the original image Signals of R, G and B are 
input to an N field Y image converter 122. The N field Y 
image converter 122 converts each of the input original 
image Signals of R, G and B to an equivalent luminance 
signal (Yty) shown in equation (9). 

The N field image Signal, that is, present field Yt image 
Signal is input to a Smoothing filter 124 to remove a noise 
component included in the respective original images. 
By the way, the conversion of R, G and B signals to 

normal luminance (Y) Signals is generally performed using 
the following equation (10): 

(10) 

In equation (10), however, the experiment showed that the 
ratio of each of R and B Signal components to the Y signal 
component was low So that the motion of the image in the 
vicinity of the portion where the false contour was generated 
was correctly detected. 

According to the present invention, the contribution ratio 
of each of the R, G and B signals to the Yt signal is 
equalized. As a result, the motion detection vector can 
accurately detected as compared with the System in which 
the motion detection is obtained for each of the R, G and B 
signals. Moreover, the use of the conversion system to the Yt 
Signal has the features in which the circuit Scale can be 

Yoex-0.2998(R)+0.5968(G)+0.1144(B) 
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decreased to 2/3 as compared with the System in which the 
motion detection is obtained for each of the R, G and B 
Signals and the cost reduction and the high-speed calculation 
can be realized. The Yt image Signal is hereinafter referred 
to Simply as a Y signal. 
The Specific block diagram of the motion detection Sec 

tion 105 is shown in FIG. 25, and the operation will be 
explained. The motion detection section 105 generates iden 
tification codes to the present field Y image Signal and the 
previous field Yimage Signal in two threshold groups having 
a different threshold level, respectively, thereby converting 
the present field Y image Signal and the previous field Y 
image signal to multi-bit images (identification code 
images). The multi-bit images are once stored in an image 
memory. In connection with the multi-bit imageS read from 
the image memory, the motion vector is obtained for each 
threshold group, and an integration determination Section 
135 integrates the motion vectors from two threshold 
groupS. 

In the threshold process in the present field block B1, the 
present field Y image Signal input from the image converter 
103 is input, Y image Signal threshold processing Sections 
130-1 and 130-2 generate identification codes to the present 
field Yimage Signal in the divided region in accordance with 
the pixel level, thereby outputting the multi-bit image. At 
this time, the generation of multi-bit image from the Yimage 
Signal occurs in two threshold groups (threshold groups (A) 
and (B) in FIG. 26.), that is, the divided region in accordance 
with the pixel level. Then, an identification code adding 
Section 131 adds the identification code of 3 bits to the Y 
image Signal by in accordance with each of the divided 
regions of threshold values a1 to g2 and h1 to q2. Note that 
an identification code “0” is added to the Y image signal if 
the Y image Signal is out of the range of the divided area. In 
the example shown in FIG. 26, since each of the identifi 
cation code is Set to 3 bits, eight kinds of divided regions can 
be selected and these regions are classified into threshold 
groups A and B, respectively. 

These two threshold groups (A and B) are allocated to the 
present field Y image Signal and the previous field Y image 
Signal, respectively, and the generation of the identification 
codes are carried out. Then, the block matching proceSS is 
performed for each identification code. As a result, the 
motion vector can be detected with higher accuracy than the 
conventional block matching using two images. Multi 
hierarchical image data obtained for each threshold group is 
stored in each of multi-bit image memories 132-1 and 132-2. 
A previous field block B2 has the same structure as in the 

above-explained present field block B1. Specifically, in 
threshold processing sections 130-3 and 130-4, the identi 
fication code adding Section 131 adds identification code to 
the previous field Y image Signal input as mentioned above 
for each of the threshold groups (A and B) according to the 
pixel level. Then, multi-bit tone image data (identification 
code image) obtained for each threshold group is stored in 
each of multi-bit image memories 132-3 and 132-4. 

Note that the divided regions of each of the threshold 
groups A and B may be set to be overlapped each other or 
not to be overlapped each other. 

In the block matching proceSS for detecting the motion 
vector, an address mapping Section 133-1 performs the 
address mapping of the detection block KB to be cut from 
the present field image. Then, an address mapping Section 
133-2 performs the address mapping of the reference block 
RB to be cut from the previous field image. Image data of 
each of the detection block KB and the reference block RB 
is input to a motion vector detector 134. 
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The motion vector detector 134 comprises multi-bit cal 
culation and comparison sections 134-1 and 134-2 provided 
for each of the threshold groups A and B. The inter-field 
image motion can be obtained by the block matching. 
An integration/determination Section 135 determines the 

number of motion pixels and the moved direction of each 
detection block KB, and registers the determination result to 
a vector table 136. 
The density gradient detection section 104 detects the flat 

portion of the density gradient of the Y image Signal. 
Specifically, the density gradient detection section 104 
detects the density difference in the Y image signal, and 
extracts a portion where the density difference is Smaller 
than the set value. Then, isolation noise is removed by the 
morphology process So as to detect a flat area. 

The data correction processing section 107 performs 
calculation obtaining the combination of the Subfield pat 
terns for inputted position of pixel based on the motion 
vector table 136 in which the number of the motion pixels 
and the moved direction are Stored. Then, reconstruction of 
Subfield data adjusting to the Visual light quantity is 
performed, and tone of pixels where the false contour is 
generated is corrected. 

The data distribute processing section 106 distributes the 
Yimage Signal to improve the quality of the image without 
causing any troubles when the motion detection is per 
formed by e.g., an error diffusion method, a pixel distribu 
tion method. 

The data selector 108 performs the Switching of whether 
output data from the data distribute processing Section 106 
is used or output data from the data correction processing 
section 107 is used for each block of the image in accor 
dance with the detection Signal from the density gradient 
detection Section 104. 

The output data is input to the output processing Section 
109. The output processing section 109 converts tone data of 
each pixel to the number of pulses corresponding to the 
voltage applied time to be sent to the Xscan driver 110 and 
the Y scan driver 111. Thereby, the halftone is displayed on 
the image display 112 having PDP. 

Next, the motion detection section 105, the density dis 
tribution detection section 104, the data distribute process 
ing Section 106, the data correction processing Section 107, 
and the data selector 108 will be specifically explained with 
reference to FIG. 27. 

First of all, the motion detection section 105 will be 
Specifically described. 

The threshold processing sections 130-1 to 130-4 per 
forms identification coding process to the present field Y 
image Signal and the previous Yimage Signal in the respec 
tive Set divided regions. Here, the concept of the identifi 
cation coding (multi-bit image) will be explained with 
reference to FIG. 28. In FIG. 28, a horizontal line denotes a 
pixel position and a vertical line denotes a pixel level. The 
pixel level of the Y image Signal is divided to (n) regions 
based on n threshold a1 to g2 (n=8 in the figure) shown in 
FIG. 26. Then, a different threshold value is provided to each 
region Such that the respective threshold values are not be 
overlapped with each other in the adjacent regions. The 
identification code is assign to each pixel, depending on 
which region the pixel value belongs to. Then, as mentioned 
above, the input Signal levels are grouped into two threshold 
groups A and B based on the identification code allocated for 
each threshold code, and the present field image and the 
previous field image are converted to the multi-bit images 
(identification code images). Note that “0” is provided to the 
pixel as an identification code if the pixel value of the 
oblique lined region is out of the threshold range. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

22 
This threshold process can show the local change of the 

image without being influenced by the deviation of the pixel 
value distribution. Therefore, the motion vector for each of 
the identification codes (1 to 7) reflects the characteristic of 
the original image even in the Small amount of regions Such 
as a block. The motion of the pixel where the false contour 
is generated may be detected extremely locally, with the 
result that calculation period and the circuit structure can be 
Simplified. 

Multi-bit image data of the present field and that of the 
previous field, which are Subjected to the identification 
coding process by the multi-bit threshold processing Sec 
tions 130-1 to 130-4, are stored to the multi-bit image 
memories 132-1 to 132-4, respectively, and subjected to a 
next block matching process. 
The block matching process in the motion vector detector 

134 can execute the block matching process explained in the 
first embodiment. 
The conventional block matching using the binary image 

is determined by the evaluation function value. Then, the 
detection of the motion vector is performed by Searching the 
minimum evaluation function value to be given from a large 
number of reference blocks RB contained in the reference 
region R. Actually, as shown in equation (11), the maximum 
coincidence point of the pixel number counted value was 
obtained between the binary image gt (x, y) of the detection 
block KB and the binary image gt-1 (x, y) of the reference 
block by an exclusive-OR operation. Then, the obtained 
maximum coincidence point was used as a motion vector of 
the detection block KB, 

At this time, the position (i,j) where Dnt is minimized is 
defined as a motion vector of each detection block. This is 
equal to the case of finding the location where the correlation 
value is maximized in the reference region RB for each 
detection block KB. 

According to the block matching in the embodiment of 
the present invention, not only the coincidence of the 
number of pixels but also the identification code as detection 
information are referred at the same time, thereby making it 
possible to largely improve the detection accuracy of the 
motion vector. This can be expressed by the following 
equation (12). 

(12) 

i i 

Here, k is the identification code given by the threshold 
process as shown in FIG. 26, and k can have the values from 
0 to 7 if it is expressed by 3 bits as explained above. 
The block matching process of the multi-bit calculation 

and comparison sections 134-1 and 134-2 will be explained 
with reference to the flowchart shown in FIG. 29. 

First, regarding the present field multi-bit image 
(identification code image) as an input image, the number of 
pixels for each identification code in the detection block is 
counted (S1). At this time, when the identification codes are 
all the same in the detection block (S2), the flag is set to 1. 
When the identification codes are all 0 (S3), the flag is set 
to “0.” When a plurality of identification codes exists in the 
detection block (S4), the flag is set to “-1” (S7). 

Thus, the reason of Setting the flag in accordance with the 
identification code of the detection block is to Sort the case 
of the motion vector proceSS in the integration process to be 
explained later. Therefore, only when the plurality of codes 
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exists in the detection block, the correlation process with all 
reference blocks in the reference area is carried out So as to 
obtain the motion vector (mx, my) (S8). This process is 
repeated with respect to all blocks (S9). 

FIG. 30 is a flowchart more specifically showing the 
motion vector detection process shown in FIG. 29. In FIG. 
30, the reference area is set (S10). Then, the correlation 
process with all reference blockS is carried out using equa 
tion (11) or (12) (S11). The reference blocks are sorted in 
order of decreasing the correlation value (S12). The corre 
sponding positions between the reference block with the 
highest correlation value and the detection block is set as a 
motion vector (S13). Moreover, it is checked whether or not 
there is the same correlation value in the same reference 
block (S14). When there is no same correlation value, the 
obtained motion vector is extracted as an output. On the 
other hand, when there is the reference block closest to the 
position of the detection block, the corresponding position 
between the reference block and the detection block is 
extracted as a motion vector (S15) so as to be output. 

According to the block matching using the identification 
code method of the present invention, it was confirmed that 
the motion vector accuracy was improved 20 to 30% in a 
mean Square error as compared with the conventional block 
matching method using only the counting the number of 
pixels. 

Next, the operation of the integration determination Sec 
tion 135 will be explained. 

Here, in the motion vector detector 134, the following 
processes are executed. 

Specifically, one is a process for integrating the present 
field Yimage and the previous field Yimage into one motion 
vector from motion vector information detected for each of 
two threshold groups (hereinafter referred to as Y(A) group 
and Y(B) group). The other is a process for calculating the 
detection block in which the motion vector has not been 
detected as a result of the comparison between each detec 
tion block and the reference block, that is, the undefined 
block from information of the Surrounding known blocks. 

The integration determination section 135 inputs motion 
vector information of each of the detected detection blocks 
KB, in which the present field is divided into the plurality of 
fields, from the motion vector detector 134. The integration 
determination section 135 determines the number of motion 
pixels and the moved direction of each detection block KB 
in the undefined block process, and registers the determina 
tion result to the motion vector table 136. 
The undefined block process explained in the first 

embodiment can be applied to the undefined block proceSS 
executed by the integration determination section 135. 

Thus, the motion vector of the undefined block FT region 
is obtained for each of Y(A) and Y(B) images from the 
number of motion pixels of the peripheral known blocks KT 
by the calculation equation. Then, the motion vector value of 
each block is obtained from the motion vector of each of 
Y(A) and Y(B) images in the integration process. 

The moved direction and the number of motion pixels of 
the respective blocks should be the same Since these blockS 
are the same with respect to the Y(A) and Y(B) images. In 
Some cases, however, the calculation error is generated due 
to the binary calculation and comparison Section in the block 
of the object image. 

The following will explain the integration method for 
improving the accuracy of the motion vector. Here, the 
Specific contents of the integration proceSS will be explained 
with reference to the flowchart shown in FIG. 31. 

FIG. 31 is an operation flow for obtaining one motion 
vector from the respective motion vector values of the Y(A) 
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24 
and Y(B) images. In this System, the calculation process is 
executed in consideration of the point whether the object 
block is the undefined block or the known block, and the 
point of the motion vectors of the peripheral blocks of the 
object block. 

In this integration process, the flag of the object block is 
checked (S20). When the flag is “0” (S21), the motion vector 
of the object block is not extracted. Only when the flag is 
“-1” (S23), the motion vector of the object block is 
extracted (S24). Thereafter, the peripheral eight adjacent 
motion vectorS Surrounding the object block are extracted 
(S25), and the extracted motion vectors are sorted for each 
of X and y components, and its central value is Set as a 
representative value (S26). The above process is executed up 
to the number of images to be integrated (S27), and the 
process is blanched in accordance with the number of 
representative values. The representative value is shown for 
each of Y(A) and Y(B). At this time, when the number of 
representative values is one (S28), the motion vector value 
of the object block is Set to flag=-1 as an integration result, 
and the representative value remains unchanged (S32). 
When the number of representative values is two (S29), the 
average value of two representative values is obtained (S30). 
The motion vector value of the object block is set to flag=-1 
as an integration result, and the average value thereof is 
adopted (S31). This process is executed up to the total 
number of blocks (S33) so as to obtain the motion vector 
value of the object block. 

Thus, the number of motion pixels, which has been 
obtained for each of Y(A) and Y(B) images, is integrated 
into one value for each block, and registered to the motion 
vector table 136 as the number of motion pixels. In the 
motion vector table 136, motion vector information of each 
detection block KB of the present field is registered. The 
motion vector table 136 has the same structure as the table 
shown in FIG. 8. 

According to the result of the above integration process, 
in the VGA type having 640x640 pixels, since the detection 
block has 16x16 pixels, the total number of detection blocks 
is 1200. Thus, by use of the motion vector method using the 
Single Y image, the respective motion vectors of the Y 
images in two or more threshold groups are obtained and 
integrated, thereby obtaining the motion vector with 
extremely high accuracy and little variation. 

Next, the following will explain the data correction pro 
cessing section 107. 
The concept of the data correction process of the present 

invention can be explained as follows: 
Specifically, the intermediate coordinate position between 

the Starting and ending points of the line of Sight is obtained 
from the motion vector value when the line of sight follows 
the patterns, which are emitted in the respective Subfields. 
Then, it is determined from the intermediate coordinates 
whether or not image data is emitted in a pixel unit for each 
subfield. By synthesizing the image data of these subfield bit 
maps, new image data is reproduced. As a result, the display 
image having no false contour can be obtained. 

FIG. 32 shows the block diagram of the data correction 
processing Section 107 for the above purpose. In the figure, 
though the number of pixels, which is motion vector data 
from the motion vector table 136, is stored in the block unit 
(16x16 pixels), the vector value for each pixel is input to the 
data correction processing Section 107. 
A pixel four-corner motion vector calculating Section 140 

inputS motion vector data of each pixel. Then, the pixel 
four-corner motion vector calculating Section 140 performs 
the average calculation to obtain the motion vector for each 
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four-corners from the motion vector of the corresponding 
pixel and the motion vectors of the adjacent three pixels for 
each four-corners of each pixel. The reason why the motion 
vectors of the adjacent pixels of the four-corners of the 
corresponding pixel is calculated is as follows: 

Specifically, the Scroll images normally moving in the 
fixed direction are Square grids and are not distorted. The 
pixels each having a different motion, however, expand and 
contract and their shapes are distorted, with the result that 
they are not defined by the same motion vector for each pixel 
unit. Therefore, the motion vectors at the top positions of the 
Square denoting the pixel positions are obtained, and the 
values of these top positions are used as motion vector of the 
pixel. Thereby, the motion vector value of the Square Sur 
rounding the pixel unit can be defined. 

The number of intermediate coordinate calculating Sec 
tions 141 corresponds to the number of subfields, and 
calculates the intermediate coordinate position between the 
Starting and ending points of the line of Sight for each 
subfield based on the pixel four-corner motion vector 
obtained from the motion vector calculating section 140. 
A Subfield bit map calculating Section 142 calculates 

whether or not intermediate coordinate data from the inter 
mediate coordinate calculating Section 141 and the present 
field image data are emitted for each pixel unit of the 
respective Subfields, thereby generating a Subfield bit pattern 
of image data. The intermediate coordinate calculating Sec 
tion 141 and the subfield bit map calculating section 142 are 
paired. For example, in the case of the display of 256 tone 
levels, Since the number of Subfields is eight, and eight pairs 
of the intermediate coordinate calculating Section 141 and 
the Subfield bit map calculating Section 142 are needed. A 
Synthesizing Section 143 Synthesizes data to adjust to the 
output form of the plasma display in the output processing 
section 109. Specifically, the synthesizing section 143 con 
trols the delay of data calculated by the subfield bit map 
calculating Section 142 and combines the Subfield patterns 
for each bit, thereby Synthesizing new image data. 

Thus, in correcting input image data, the data correction 
processing Section 107 calculates at real time an emission 
time in each Subfield period and a light quantity entering 
each retina position from the path of the shift of the line of 
Sight on the Screen when the line of Sight follows the motion 
pixel on the display Screen, using vector values correspond 
ing to the number of motion pixels and the moved direction. 
Then, new Subfield data is reproduced from the output, So 
that the display image having no false contour can be 
obtained. 

Next, the purpose of the density gradient detection Section 
104 and its process content will be explained with reference 
to the figure. 

In the detection of the motion vector using the binary 
image or the multi-bit image, there was a problem in 
obtaining the accurate motion vector. More specifically, it 
was difficult to obtain the accurate motion vector when the 
image, having an extremely low Spatial frequency, i.e., a 
gentle density change Such as a background sky, a Single 
wall, etc., occupied a large area Such as extended over the 
plurality of detection blocks. In other words, there is no 
possibility that the respective field images will have exactly 
the same luminance. Namely, in the respective field images, 
there is a luminance change more or leSS due to brightness 
about the environment, Sensitivity of a camera, etc., and a 
luminance difference occurs between the fields. This makes 
the edge of the binary image complicated and generates an 
error in the block matching process. 

However, in Some cases, the false contour is not So 
conspicuous in the image having Such a gentle density 
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change, particularly the low or high luminance portion, and 
there is a case in which the correction using the motion 
vector is not always applied thereto. 

According to the present invention, the correction of the 
false contour using the motion vector is not applied to all 
image Scenes. Instead, the object of the present invention is 
to carry out the process, which is applied to the above 
mentioned image Scene or the characterized Structure of the 
image. 

FIG. 33 shows a specific structural view of the density 
gradient detection Section 104 for detecting the density 
difference distribution of the image, particularly the 
So-called a Solid portion where the density change of e.g., 
the background is gentle. In FIG. 33, a density difference 
detector 151 detects a density difference between the density 
of the central pixel and the peripheral eight pixels in an 
operator process of e.g., 3x3. 

In a binary processing Section 152, for example, when the 
present field Y image Signal is input, a portion where the 
density difference between the operator's central pixel and 
the peripheral eight pixels is 2/225 level or leSS is defined as 
a Solid portion. As a result, there can be obtained a binary 
Solid image, which is separated into the So-called Segments 
where the Solid portion is an image data “1” region and the 
other portions are image data “0” regions. The result is input 
to a morphology processor 156 comprising first and Second 
isolation point removing sections 153 and 154. 
The morphology processor 156 removes isolation points 

Such as black point noise existing in the image of the 
detected Solid portion and white point noise existing in the 
portions other than the Solid portion. For example, the first 
isolation point removing Section 153 removes black point 
noise existing in the image of the Solid portion. Black point 
noise, which is the Solid portion of about 4 pixels, is 
removed in the expansion process using an eight 
concatenation operation of two pixels, and the graphic form 
other than black point noise is restored to the original in the 
contraction process. The image portion where the density 
gradient is gentle Serves as a uniform Solid image portion. 
This portion is further Subjected to the contraction process 
using an eight-concatenation operation of four pixels in the 
second isolation point removing section 154. Thereby, the 
white point, which is a Solid portion of about eight pixels in 
the region the other than the Solid image portion, is removed. 
Then, the other portions are restored to the original in the 
expansion process, and the Solid image portion can be 
extracted from the image Scene. The extracted image is 
stored in a solid block memory 155. 
A control information line 137 is used to execute com 

munication with the integration determination section 135 in 
connection with information of the Solid block position in 
the image Scene. In this process, the Solid portion in the 
image Scene is output as a Solid detection signal 157 
corresponding to the block, Similar to the motion detection 
process. In this case, when all pixels in the detection block 
are Solid, the above detection signal is output. 

Next, the data distribute processing section 106 will be 
explained with reference to FIG. 34. 

FIG. 34(a) shows a block diagram of a multi-bit error 
diffusion method as one example of the data distribute 
processing Section 106. 
The multi-bit error diffusion method is that the density 

error between the input Signal and light emission luminance 
is distributed to the peripheral pixels as reducing the number 
of output distribution signal bits rather than the number of 
bits of input signals R, G and B. In other words, this is the 
process method of expressing a pseudo-halftone. The 
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method using the multi-bit error diffusion process is struc 
tured as shown in FIG. 34(a). Reference numeral 160 is a 
correction and calculating Section for adding an accumulated 
error to the input image. Reference numeral 161 is quantiz 
ing Section. Reference numeral 162 is a quantizing error 
calculating Section for obtaining a quantizing error. Refer 
ence numeral 163 is an error distribution section for distrib 
uting the quantizing error to the peripheral pixels. Reference 
numeral 164 is an input terminal for inputting the respective 
signals of R, G and B. Reference numeral 165 is an output 
terminal for outputting a multi-value Signal. 

The signals of R, G and B input from the input terminal 
164 is added the accumulated error of errors distributed from 
the correction and calculating Section 160, and the quantiz 
ing Section 161 converts the resultant to the multi-bit Signal. 
The quantized error calculating Section 162 calculates a 
difference between the corrected Signal corrected with the 
accumulated error and the quantized signal So as to obtain 
the quantized error. The error distribution section 163 dis 
tributes the obtained quantized error to the peripheral pixels 
So as to obtain the accumulated error. The obtained multi-bit 
signal is output from the output terminal 165. 

Moreover, as another System reported, there is a display 
method, which is called as a pixel distribution method 
(“Review on Reduction of PDP Moving picture False con 
tour'': The Institute of Electronics, Information and Com 
munication Engineers, Electronics, C-408, P66, 1996). 

According to the above pixel distribution method, as 
shown in FIG. 34(b), a modulator 166 modulates the input 
Signal with a pattern signal from a pattern generator 169. 
Namely, the Signal modulation with an arbitrary level is 
performed with the pattern Signals having opposite charac 
teristics to each other in the horizontal, Vertical, and dis 
playing time directions for each display pixel with respect to 
the displaying Signals of R, G and B. As a result, the average 
level in a time direction is Set to the original signal level. 
FIG. 35 shows one example of the patterns for modulation, 
and the pattern is switched for each field as shown in FIGS. 
35(a) and 35(b) to be output. As a result, the neighboring 
pixels in upper and lower, right and left and time direction 
indicate a Signal with a discontinuous level, and the original 
image level is detected with the average value. Therefore, 
the false contour, which is originally detected at the con 
tinuous points of the Smooth image, is distributed. 

Although the above-mentioned processing method is 
applied to the data distribution processor 106, the gist of the 
present invention is to perform the adaptive processing 
corresponding to the Scene of the image as mentioned above. 

In the data distribution processor 106, the portion where 
the density of the image is gently changed, Such as the 
background where the false contour is inconspicuous in the 
Scene of the image, is Subjected to the distribution proceSS 
ing for each block in the aforementioned Solid portion 
detection signal 157. The motion vector is obtained with 
high accuracy in a portion where the density of the image 
changes largely, the Spatial frequency is high and the image 
is fine, although Such a portion is also a place where the false 
contour is considerably conspicuous. For this reason, the 
correction of the false contour is carried out in the data 
correction processor 107 using the motion vector. 

Next, the data selector 108 will be explained. The data 
selector 108 selects output data, corrected based on the 
motion vector detection, from the data correction processor 
107 or output data from the data distribution processor 106 
corresponding to the solid detection signal 157 detected by 
the density gradient detection processor 104 in the divided 
block unit. The Selected output data is Supplied to the output 
processor 109. 
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(Third Embodiment) 

FIG. 36 illustrates a general configuration of the tone 
image display device of a third embodiment of the present 
invention. In FIG. 36, a video signal 201 input from the input 
terminal is converted to digital data by an A/D converter 
202. The converted data is input to a motion vector detector 
204 and an image data calculation converter 203. The 
motion vector detector 204 carries out the multi-hierarchical 
binary processing, the block matching processing, and the 
integration determination processing to detect the number of 
motion pixels of the input image and the moved direction 
thereof. The motion vector detector further inputs detected 
information on the number of motion pixels, the moved 
direction, and detection block to the image data calculation 
converter 203. Then, the image data calculation converter 
203 calculates the combination of the subfield patterns of 
input pixel position databased on the results of the number 
of motion pixels and the moved direction So as to reconstruct 
data Suitable for an amount of Visual light, thereby perform 
ing the tone data correction of the pixels where the false 
contour is generated. The image data calculation converter 
203 further outputs the resultant data to a subfield converter 
205. The Subfield converter 205 converts tone data of each 
pixel to the number of pulses corresponding to the Voltage 
applied time to be provided to an Xscan driver 206 and a Y 
scan driver 207. As a result, the halftone display is per 
formed on an image display 208. A Synchronous Separator 
209 Separates a Synchronous signal from the Video signal 
201, and a timing generator 210 generates a timing Signal, 
which is Synchronized with the input Video signal, to be 
provided to each Section. 

Next, the image data calculation converter 203 will be 
explained. FIG. 37 illustrates a configuration of the image 
data calculation converter 203 in FIG. 36. As motion vector 
data 232, a vector value for each pixel is input to a pixel 
four-corner motion vector calculating Section 220. The pixel 
four-corner motion vector calculating Section 220 calculates 
motion vectors of four corners for each pixel, using input 
motion vector data 232, to output. The reason why the 
motion vectors of the four corners of the pixel are calculated 
is that the shape of the pixel is distorted in accordance with 
the motion of the pixel and the motion vectors at their top 
positions must be correctly caught. First to n-th Subfield 
intermediate coordinate extraction calculating Sections 221 
to 225 obtain, using input four-corner motion vectors, an 
intermediate position between the Starting and ending points 
of the line of Sight for the respective period emitting in each 
subfield to output. First to n-th subfield bit map calculating 
sections 226 to 230 output information that whether or not 
each pixel is emitted in each Subfield, using the intermediate 
coordinates between the Starting and ending points of the 
line of Sight to a Synthesizing Section 231, and also output 
new image data needed in next Subfield bit map calculating 
Sections. The Subfield intermediate coordinate extraction 
calculating Sections 221 to 225 and the bit map calculating 
sections 226 to 230 are paired. For example, if the number 
of Subfields is eight, eight pairs of the Subfield intermediate 
coordinate extraction calculating Sections 221 to 225 and the 
bit map calculating sections 226 to 230 are needed. A 
Synthesizing Section 231 adjusts the delay of data output 
from each of the bit map calculating sections 226 to 230 and 
combines the Subfield patterns for each bit So as to Synthe 
Size new image data. 

Next, the following will explain the details of the pixel 
four-corner motion vector calculating Section 220 with ref 
erence to FIG.38 and equation (13). FIG.38 shows a certain 
position of image data. It is assumed that the motion vector 
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values of the pixel in a certain coordinate (m, n) are 
(Vx(m,n), Yy(m,n)). The certain coordinate (m, n) means a 
position in a two-dimensional image data. It is further 
assumed that four corners of the pixel in the coordinate (m, 
n) are points A, B, C, and D. For example, when an attention 
is paid to point A, point A is Surrounded with pixels, which 
are respectively placed at positions (m, n) (m-1, n), (m, 
n-1), (m-1, n-1). To obtain the motion vector of point A, the 
calculation is carried out using the motion vector values of 
the pixels placed at positions (m, n), (m-1, n), (m, n-1), 
(m-1, n-1). AS one example of calculating the motion vector 
of point A, there is considered that the average value of four 
points of the peripheral pixels be calculated. The motion 
vector (VAX, VAy) of point A can be obtained by the 
following equation (13). The other three points can be 
obtained by the same equation. 

Vx(m- 1, n - 1) + Vx(m, n - 1) + Vx(n - 1, n) + Vx(m, n) (13) 
WAx = 4 

Vy(m - 1, n - 1) + Vy(m, n - 1) + Vy(m - 1, n) + Vy(m, n) 
4 

VAy = 

Next, the operations of the subfield intermediate coordi 
nate extraction calculating sections 221 to 225 in FIG. 37 
will be explained with reference to FIGS. 39 and 40. FIG. 40 
shows a State in which image data moves on the display. The 
motion vectors of points A, B, C, D of the four corners of a 
certain pixel show an example of respectively (6, 4, 3), (5, 
9, 4), (6, 3, 8), and (6, 2, 4) The retina pixel is positioned at 
a point 280 when to, a point 281 when t1, a point 282 when 
t2, a point 283 when t3, a point 284 when ta, a point 285 
when t5, and a point 286 when té. The broken lines show the 
four corners of the retina pixel during the light-emission. 
Each of the Subfield intermediate coordinate extraction 
calculating Section calculates the Starting and ending posi 
tions of the light-emission period in each Subfield to output. 

The calculation method can be given by the following 
equation: 

where Vx(m, n), Vy(m, n) are motion vector values. 
For example, the position of a point 287 can be obtained 

as follows: 

Also, the position of a point 288 can be obtained as 
follows: 

AS the number of Subfield intermediate coordinate extrac 
tion calculating sections 221 to 225, the number which 
corresponds to that of the subfields is required. The first 
Subfield intermediate coordinate extraction calculating Sec 
tion 221 calculates the Starting and ending positions for the 
light-emission period in the first Subfield, and outputs the 
result to the first subfield bit map calculating section 226. 
The Second Subfield intermediate coordinate extraction cal 
culating Section 222 calculates the Starting and ending 
positions for the light-emission period in the Second 
subfield, and outputs the result to the second subfield bit map 
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calculating section 227. The n-th subfield intermediate coor 
dinate extraction calculating Section 225 calculates the Start 
ing and ending positions for the light-emission period in the 
n-th subfield, and outputs the result to the n-th subfield bit 
map calculating Section 230. 

Next, the first to n-th subfield bit map calculating sections 
226 to 230 will be specifically explained with reference to 
FIG. 41. FIG. 41 illustrates a configuration in which using 
the intermediate coordinate data 273 from intermediate 
coordinate extraction calculating Sections and image data 
274, intermediate coordinate data 275 and binary bit map 
276 are output. The concept of the processing will be 
explained with reference to equation (14) and FIG. 42. 
Equation (14) is an expression for obtaining new image data 
275 in FIG. 41. 

New Data(m, n) = 
V. ka(x, y): E(m, n, x, y): Data(m, n) (14) 

y x S(m, n) 

Data (m, n) is image data 274 at a certain position (m, n) 
in FIG. 41. New data (m, n) is image data 275 at a certain 
position (m, n) in FIG. 41. Ka (x, y) is an output from an 
attenuation factor calculating section 259 in FIG. 41. E (m, 
n, x, y) is an output from a contribution rate calculating 
section 254 in FIG. 41. FIG. 42 is a view visually showing 
the flow from a register 255 in FIG. 41 in which image data 
are arranged, to a new image data Storage Section 272 in 
FIG. 40 in which new image data are arranged, with respect 
to a certain position (x, y) on the display. The register 255 
in FIG. 41 stores a plurality of image data 300 in FIG. 42. 
A plurality of multipliers 256, 257, 258 in FIG. 41 corre 
sponds to reference numeral 301 in FIG. 42 describing 
“multiply the plurality of image data (x, y) by each contri 
bution rate”. An adder 260 in FIG. 41 corresponds to P(x, 
y) 302 in FIG. 42 describing “add multiplied data”. A 
plurality of multipliers 266, 267, 268 corresponds to refer 
ence numeral 303 in FIG. 42 describing “multiply by 
attenuation factor uniformly.” 
A plurality of dividers 269, 270, 271 in FIG. 41 corre 

sponds to reference numeral 304 in FIG. 42 describing 
“divide by each pixel area.” The new data Storage Section 
272 in FIG. 41 corresponds to plurality of new image data 
305 in FIG. 42. A reference character “+’ 306 in FIG. 42 
corresponds to an adder 260 in FIG. 41. Data of a bit map 
output 276 in FIG. 41 corresponds to the position (x, y) on 
the display. When output data is “1”, the corresponding 
subfield is emitted, and when output data is “0”, the subfield 
is not generated. The starting position (m, n) on image data 
of a signal current 307 in FIG. 42 and the ending position (m, 
n) on new image data are equal to each other. It is unnec 
essary to calculate image data at a position (m, n) of which 
the contribution rate to a certain position (x, y) on the display 
is 0. It is obvious from equation (14) that E (m, n, x, y)=0. 

Next, each Section will be explained. A pixel area calcu 
lating Section 251 calculates each pixel area using interme 
diate coordinate data 273. The register 252 stores data output 
from the pixel area calculating Section 251 and outputs the 
plurality of data. A register 253 Stores motion vector data 
273 and outputs the plurality of motion vector data. A 
contribution rate calculating Section 254 calculates a plural 
ity of contribution rates using the plurality of intermediate 
coordinate data to output. The register 255 Stores image data 
274 and outputs the plurality of image data. 

Next, an attenuation factor calculating section 259 will be 
explained. The attenuation factor calculating section 259 
adds all input data and compares the total value with output 
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data from a threshold generator 263 to output “0” or “1” as 
binary bit map, as a compared result. Further, using the 
compared result, when the total value is Smaller than the 
threshold, the attenuation factor calculating section 259 
outputs 1.0, while when the total value is more than the 
threshold, outputs a result of (total value-threshold)+(total 
value). The concept of the attenuation factor calculating 
section 259 will be explained with reference to FIG. 43 and 
equations (15) and (16). 

P(x,y)-th (15) 
When P(x, y) - thka(x, y) = n = - 

FIG. 43 shows an output from the adder 260 and an output 
from a Subtracter 261. Equation (15) is an expression 
showing an output from the attenuation factor calculating 
section 259 and a bit map output when the output from the 
adder 260 is more than the threshold. Equation (16) is an 
expression showing the output from the attenuation factor 
calculating section 259 and the bit map output when the 
output from the adder 260 is smaller the threshold. Refer 
ence character P(x, y) is the output value from the adder 260 
when the position (x, y) on the display is set. Reference 
character this the threshold value. Reference character ka 
(x, y) is the output value from the attenuation factor calcu 
lating section 259 when the position (x, y) on the display is 
Set. 

Reference character H (x, y) is the bit output correspond 
ing to the position (x, y) on the display. Thus, the attenuation 
factor calculating Section 259 outputs “0” or “1” as a result 
obtained by adding all input data and comparing the total 
value with output data from the threshold generator 263, as 
a binary bit map. Further, when the total value is smaller 
than the threshold, the attenuation factor calculating Section 
259 outputs 1.0, while when the total value is more than the 
threshold, the attenuation factor calculating section 259 
outputs the result of (total value-threshold)+(total value). 

The new image data Storage Section 272 adds values each 
obtained by dividing a value (a) by a value (b) and tempo 
rarily stores the calculated value. The value (a) is obtained 
by multiplying the output value from the register 255, in 
which a plurality of image data 274 is Stored, by an output 
form the attenuation factor calculating Section 259, and 
further by an output form the contribution rate calculating 
section 254. The value (b) is an output from the register 255 
in which results in the pixel area calculating Section 251 are 
Stored. Then, the new image data Storage Section 272 outputs 
the above calculated and stored value to the next Subfield bit 
map calculation. 
A synthesizing section 231 shown in FIG. 37 is a section 

for synthesizing data adapted to the form of the subfield 
converter 205. The output from each bit map calculating 
Section is delayed in order of the first, Second, third, fourth 
subfields so as to be output. This delay is adjusted to be 
output next to the subfield converter 205. 

The following will explain the display method using the 
tone image display device having the above-mentioned 
Structure. 

The tone image display method will be described first. 
Herein, to simplify the explanation, Scroll image data of the 
motion vector (6, 4) in the fixed direction and an emission 
sequence in the subfield shown in FIG. 34 are used. 

First, the structure of the subfield will be explained. As 
shown in FIG. 39, the structure of the subfield comprises 
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three Subfields. It is assumed that the emission Sequence is 
Structured by weighting an emission pattern ratio between 
the respective subfields of SF1, SF2, SF3}={4:2:1. In this 
case, a cycle of the emission Sequence is T, and the oblique 
lined portions show the emission periods. In FIG. 39, the 
start of the emission period in the first subfield is t1, the end 
thereof is t2. Also, the Start of the emission period in the 
Second subfield is t3, the end thereof is tA. Moreover, the 
start of the emission period in the third subfield is tS, the end 
thereof is t(6. 

Furthermore, it is assumed that the following relationship 
is established. 

Next, the relationship between the motion of a visual 
point and the retina pixel area for one unit will be explained. 
The retina pixel described here is defined as a retina accept 
able region on where the image on the display is reflected, 
and a central position of the acceptable region is the visual 
point. FIG. 44(a) is a conceptual view assuming that the 
Visual point moves on the display in an upper right direction. 

In the scroll image of the motion vector (6,4) in the fixed 
direction, the visual point passes from the position (x0, y0) 
to the position (x0+6, y0+4) on the display at time T. The 
retina pixel area of one unit is one unit area of the acceptable 
region. 

Next, the following will explain how much the retina 
pixel of one unit is influenced by each pixel on the display. 
FIG. 45 is a view showing how much the retina pixel for one 
unit is influenced by each pixel on the display with figures 
up to the third decimal place, and these figures are here 
called and defined as a contribution rate. The explanation of 
the contribution rate and how the contribution rate is 
obtained are specifically described later. FIG. 45(a) is a view 
showing how much the retina pixel is influenced by each 
pixel on the display during a period of time t1 to t2. FIG. 
45(b) is a view showing how much the retina pixel is 
influenced by each pixel on the display during a period of 
time t3 to t+. FIG. 45(c) is a view showing how much the 
retina pixel is influenced by each pixel on the display during 
a period of time t5 to t6. 
A retina pixel 360 is placed at the position of the retina 

pixel at time t0, a retina pixel 361 is placed at the position 
of the retina pixel at time t1 and a retina pixel 362 is placed 
at the position of the retina pixel at time t2. Also, a retina 
pixel 363 is placed at the position of the retina pixel at time 
t3, a retina pixel 364 is placed at the position of the retina 
pixel at time t1. Moreover, a retina pixel 365 is placed at the 
position of the retina pixel at time t5 and a retina pixel 366 
is placed at the position of the retina pixel at time t6. For 
example, during the period of time t1 to t2, the retina pixel 
for one unit has the contribution rate of 0.324 with respect 
to the position (x0, y0) on the display, and the contribution 
rate of 0 with respect to the position (x0+5, y0+3) on the 
display. 

Next, the following will explain how to obtain a level of 
the tone, which the retina pixel receives from the display. 
The tone level entering the retina pixel when moving on the 
display are a total Sum of light quantity received from each 
pixel on the display. For example, in the emission Sequence 
of the subfield previously described, it is determined how 
many levels of tone the retina pixel obtains during a period 
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of time t1 to t7 using the above-mentioned contribution rate. 
Then, the obtained level is set at M, and whether or not the 
emission is generated in a n Subfield period at the position 
(x, y) on the display is indicated by H (x, y, n). If the 
emission is generated, H (x, y, n)=1 is established, if no 
emission is generated, H (x, y, n)=0 is generated. Then, M 
is obtained by the following equation. 

When the array elements of H (x, y, n) are appropriately 
determined and thereby the tone scale level M, which the 
retina pixel Senses, is equal to tone data of the original image 
as close as possible, the generation of the false contour is 
restrained. 

Next, in order to briefly explain how to obtain H (x, y, n), 
an example in which two pixels move with the motion vector 
(6, 4) will be explained. FIG. 44(b) shows a state in which 
the retina pixels move as image data of two pixels moves. It 
is shown that two retina pixels move with the motion vector 
(6, 4). As an example, image data at the position (m, n) is set 
at 7 and image data at the position (m+1, n) is set at 3. This 
state is illustrated in FIGS. 46(a) and 47(a) in which image 
data is two-dimensionally shown. FIGS. 47, 48, and 49 
illustrate processing to be explained from now on, and 
reference Symbol (a) of each of these figures shows data to 
be distributed and arranged, and (b) thereofshows the result 
obtained by distributing data at the position of (m, n). Also, 
(c) thereof shows the result obtained by distributing data at 
the position (m+1, n) and reference Symbol (d) of each of 
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these figures shows the total Sum at the respective distrib 
uted positions. Moreover, (e) thereof is the result obtained 
by comparing the total Sum with a certain threshold value, 
and (f) thereof shows image data to be used in the next 
processing. 
The following will explain the process for obtaining H(X, 

y, n). The outline of the calculation process is as follows: 
First, H (x, y, 1), which is data indicating whether or not 

the emission is generated in the first Subfield, is obtained. 
Then, new data. A for obtaining H (x, y, 2) is calculated from 
the result of H (x, y, 1) and image data to be output. H (X, 
y, 2), which is data indicating whether or not the emission is 
generated in the Second Subfield, is obtained based on output 
new image data A. Then, new data B for obtaining H (x, y, 
3) is calculated from the result of H (x, y, 2) and image data 
A to be output. Finally, H (x, y, 3), which is data indicating 
whether or not the emission is generated in the third Subfield, 
is obtained based on new image data B for obtaining H (X, 
y, 3). 
R. following will explain the proceSS for outputting new 

image data A in order to obtain H (x, y, 1), which is the data 
indicating whether or not the emission is generated in the 
first Subfield, and H (x, y, 2), which is the data indicating 
whether or not the emission is generated in the Second 
Subfield. First, 7, which is image data at the position (m, n), 
is distributed and arranged on the display using the contri 
bution rate shown in FIG. 45(a). In the distributing and 
arranging method, a value, which is obtained by multiplying 
the image data by the contribution rate at the position (x, y) 
shown in FIG. 45(a), is substituted into the position (x, y) 
shown FIG. 47(b). For example, the value to be substituted 
into the position (x0, y0) shown in FIG. 47(b) is 0.324x7= 
2.268, and the value to be substituted into the position 
(x0+1, y0) is 0.136x7=0.952. Similarly, the values to be 
substituted into the other positions in FIG. 47(b) are calcu 
lated. Also, in the method for distributing and arranging 3, 
which is image data at the position (m+1, n) on the display, 
a value is obtained by multiplying the image data by the 
contribution rate at the position (x, y) as mentioned above. 
However, Since the X position is larger than the previous 
position by +1, the X position to be substituted is shifted by 
+1. Specifically, the value to be substituted into the position 
(x0+1, y0) is 0.324x3=0.972, and the value to be substituted 
into the position (x0+2, y0) is 0.136x3=0.408. Similarly, the 
values to be substituted into the other positions in FIG. 47(c) 
are calculated. 

Next, the values in FIGS. 47(b) and 47(c) are added after 
their coordinate positions are matched. For example, a value 
of 2.676, which is obtained by adding 2.268, the value of the 
position (x0, y0) in FIG. 47(b), and 0.408, the value of the 
position (x0, y0) in FIG. 47(c), is substituted into the 
position (x0, y0) in FIG. 47(d). Similarly, the values to be 
substituted into the other positions in FIG. 47(d) are calcu 
lated. H (x, y, 1) is obtained by comparing the Substituted 
values in FIG. 47(d) with a threshold value. The threshold 
value to be compared with the values in FIG. 47(d) is 4. Note 
that the threshold value described here will be specifically 
explained later. H (x, y, 1) is 1 if the value in FIG. 47(d) is 
4 of the threshold or more, and is 0 if the value in FIG. 47(d) 
is less than 4. For example, Since the value at the position 
(x0, y0) is 2.676, which is less than 4, H (x0, y0, 1) is 0. 
Similarly, when the comparison and the Substitution are 
carried out, FIG. 47(e) is completed. In the example this 
time, the values at all positions in FIG. 47(e) were 0. 
Namely, it is found that there is no emission in the first 
Subfield section. 

Next, the following will explain the process for outputting 
new image data. A for obtaining H (x, y, 2), which is data 
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indicating whether or not the emission is generated in the 
Second Subfield. The concept is that image data distributed 
and arranged is fed back So as to obtain new image data A. 
The value of new image data A is obtained as follows: 
Specifically, image data distributed corresponding to the 
contribution rate is multiplied by the attenuation factor, 
which is determined by the result of H (x, y, 1). Then, 
resultant data is divided by the pixel area and all resultant 
data is fed back to the original coordinate positions. Note 
that the pixel area described here will be explained later. 

The attenuation factor ka (x, y) can be obtained as 
follows: 

When H (x, y, 1)=1, 

ka(x, y)=(total value of values distributed to position (x, y)- 
threshold)+(total value of values distributed to position (x, y)). 

When H (x, y, 1)=0, 

ka(x, y)=1 

One example of the feeding back is described below. The 
value distributed to the position (x0,y0) on the display from 
the image data at the position (m, n) was 2.268 as shown in 
the above result. Also, the result of H (x0, y0, 1) was 0. The 
value of image data to be fed back to the position (m, n) from 
the image data at the position (x0, y0) on the display is 
2.268x1=2.268. Similarly, the value of image data to be fed 
back to the position (m, n) from the at the position (x0+1,y0) 
on the display is 0.952x1=0.952. Therefore, the value of 
image data at the position (m, n) to be fed back from all 
positions on the display is as follows: 

that is, 6.986. 
In the above example, Since H (x, y, 1) is 0 with respective 

to any X and y, all distributed values are fed back. In other 
words, distributed data “7” is all fed back. The reason why 
the above value is 6.986 is that an error rounded to three 
places of decimals is included. 

Next, the above value is divided by the pixel area. The 
pixel area in this case is 1. That is, the divided value is 
7+1=7. Similarly, the value of image data to be fed back to 
the position (m+1, n) from all positions on the display is 3. 
In this case, the pixel area is 1, and the divided value is 
3+1=3. This is shown in FIG. 47(f). The value shown in FIG. 
47(f) is new data. A for obtaining H (x, y, 2), which is data 
indicating whether or not the emission is generated in a next 
subfield, i.e., the second subfield. The above explained 
method is to obtain H (x, y, 1), which is the data indicating 
whether or not the emission is generated in the first Subfield, 
and calculate new image data. A for obtaining H (x, y, 2), 
using the result of H (x, y, 1) and image data, to output. 

Next, the following will explain the method for obtaining 
H (x, y, 2), which is data indicating whether or not the 
emission is generated in the Second Subfield, and calculating 
new image data B for obtaining H (x, y, 3), using the result 
of H (x, y, 2) and image data A, to output. For FIGS. 48(a), 
(b), (c), (d), the Similar calculations as previously mentioned 
may be carried out. 
The threshold value to be compared with FIG. 48(d) is 2. 

In FIG. 48(d), there are two positions having a value equal 
to or more than 2 of the threshold, i.e., (x0+2, y0+1) and 
(x0+3, y0+2), and attenuation factors thereof are each as 
follows: 
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When position (x0+2, y0+1), 

(2.104-2)+(2.104)=0.049 

When the position (x0+3, y0+2), 

(3.084-2)+(3.084)=0.351 

Therefore, the value at position (m, n) in new data B is as 
follows: 

That is, 3.571. 
The value at position (m+1, n) is as follows: 

That is 2.436. The pixel area is 1, and the divided value 
is shown in FIG. 48(f). The value shown in FIG. 48(f) is new 
data B for obtaining H (x, y, 3), which is data indicating 
whether or not the emission is generated in the Second 
Subfield. 
The above explained method is to obtain H(x, y, 2), which 

is data indicating whether or not the emission is generated in 
the Second Sub-field, and calculating new image data B for 
obtaining H (x, y, 3), using the result of H (x,y,1) and image 
data A, to output. To obtain H (x, y, 3) which is data 
indicating whether or not the emission is generated in the 
third Sub-field, the Similar calculation as previously men 
tioned may be carried out. Additionally, in this case, the 
value to be compared with the value shown in FIG. 49(d) is 
1. Final output result is shown in FIG. 46(b). FIG. 46(b) 
shows the result obtained by adding the values in FIG. 47(e) 
multiplied by 4, the values in FIG. 48(e) multiplied by 2, and 
values in FIG. 49(e), while matching the coordinate posi 
tions. FIG. 46(a) illustrates input image data, and FIG. 46(b) 
illustrates the result obtained by Subjecting the input image 
data to the above-explained image data conversion proceSS 
ing. From FIG. 46(b), it is understood that the emission is 
generated in each Sub-field as the visual point moves. 

Next, the contribution rate and the concept of the pixel 
area, and obtaining method thereof will be specifically 
explained. AS already explained, the contribution rate rep 
resents by using numbers an influence which a pixel on 
image data provides to a pixel on the display. In the above 
explanation of the contribution rate, it is represented by 
numbers that how much the retina pixel for one unit is 
influence by each pixel on the display. According to the 
present invention, the pixel on image data and the retina 
pixel for one unit are made equivalent to each other, thereby 
eliminating the false contour, which is the object of the 
present invention. 

For example, in the contribution rate in the case of the Still 
image, the tone level at the position (m, n) in image data has 
only to be displayed at the position (x, y) on the display. AS 
a result, the distribution rate of the pixel at the position (x, 
y) on the display to the pixel at the position (m, n) on image 
data is 1 (100%). In the case of the moving picture, the pixel 
at the position (m, n) in image data has influence upon not 
only the pixel at the position (x, y) on the display but also 
pixels at positions (x+1, y) (x, y-1), etc. Therefore, the 
contribution rate of the pixel at the position (x, y) on the 
display to the pixel at the position (m, n) on image data is 
less than 1. The pixel on image data does not exist 
physically, and means one unit region, which is obtained by 
dividing an image vertically and horizontally. In other 
words, the pixel on image data is the region of the image 
itself. 
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The area of the pixel on image data is referred to as a pixel 
area. The pixel on image data may be distorted. Although the 
Scroll images moving in the fixed direction, which is 
described previously, are Square grids and are not distorted, 
the pixels, each having a different motion, expand and 
contract, and shapes thereof are distorted. There is the case 
where the distortion leads to the change in the pixel area. 

The following will explain how to obtain the pixel area 
and the contribution rate. FIG.50 is a view showing that the 
certain pixel of image data has moved during a period of 
time t1 to t2. A Square composed of A, B, C, and D denotes 
a pixel, and A, B, C and D correspond to four corners of the 
Square. A Square composed of P, Q, R and S denotes a pixel, 
and P, Q, R and S correspond to four corners of the Square. 
Now, assuming that pixel composed of A, B, C and D at 

time t1 moves to the pixel composed of P, Q, R, and S at time 
t2. K denotes a position of the retina pixel at time t, while 
moving. It is understood from FIG. 50 that the state where 
the pixel is distorted and passed through the position (x, y) 
on the display. FIG. 51 is a view showing an expanded 
portion close to the position (x, y) on the display. The 
distance between the pixels on the display is normalized by 
1. Accordingly, an area of a pixel on the display is 1. 
Because of the Structure of the display, one pixel is for three 
of the primary colors, however, in the explanation of this 
invention, one pixel is for one of the primary colors and the 
respective pixels are placed at the Same position. The 
oblique lined portion shows a portion where the pixel K is 
overlapped with a pixel of the position (x, y) on the display, 
and this portion has the relationship between image data (m, 
n) and the position (x, y) on the display. Therefore, an area 
of the overlapped portion is set at SP (t, m, n, x, y), and an 
area of pixel K is Set at Sk (t, m, n). A time average of each 
area is calculated, thereby defining the contribution rate and 
the pixel area. Equation (17) is an expression for obtaining 
a contribution rate E (m, n, x, y), and equation (18) is an 
expression for obtaining the pixel area S(m, n). 

(17) 

18 
S(m, n) = (18) 

Next, the following will explain the concept that how to 
obtain the area Sp (t, m, n, x, y) and the area Sk (t, m, n). 
FIGS. 52(a) and 52(b) are views each showing that a retina 
pixel is overlapped at a pixel at a certain position on the 
display, and equations (17) and (18) are expressions for 
obtaining the overlapped area. In the following equations 
(19) and (20), circled figures show triangle areas in FIGS. 
52(a) and 52(b). 

The overlapped area can be obtained by Subtracting the 
areas, which are not overlapped, from 1 that is an area of the 
unit Square. To obtain the areas, which are not overlapped, 
auxiliary lines are drawn in the regions, which are not 
overlapped, thereby forming Some triangles, and the areas of 
these triangles are added. Using each calculated area S, the 
area Sp (t, m, n, x, y) is obtained. 

FIGS. 53(a) and 53(b) show the retina pixel, and a square 
Surrounding the entire retina pixel, and the minimum and 
maximum coordinates of the Square. The following equa 
tions (21) and (22) are expressions for obtaining the area of 

(19) 

(20) 
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the retina pixel. Note that the circled figures in equations 
(21) and (22) show the areas of the triangles or Squares in 
FIGS. 53(a) and 53(b). 

The overlapped area can be obtained by Subtracting the 
areas, which are not overlapped, from the area (MaxX 
MinX)x(MaxY-MinY) of the rectangle surrounding the 
entire retina pixel. Here, MaxX and MaxY show the maxi 
mum values of the coordinates X, y of the pixel area, and 
MinX and MinY show the minimum values of the coordi 
nates X, y of the pixel area. 
To obtain the areas, which are not overlapped, auxiliary 

lines are drawn in the regions, which are not overlapped, 
thereby forming Some triangles and rectangles, and the areas 
of these triangles and Squares may be added. Using each 
calculated area S, the area Sk (t, m, n) is obtained. Thus, the 
above description is to explain the concept that how to 
obtain the area Sp (t, m, n, x, y) and the area Sk (t, m, n). 
The areas, however, are not directly obtained, and the 
triangles or the rectangles are combined in order to carry out 
the calculation easily. 

Next, the concept of the contribution rate calculation and 
a Specific explanation thereof with actual numerical numbers 
will be described. As one example, the following will 
explain how to obtain the contribution rate 0.324 of the 
position (x0, y0) in FIG. 45(c) with reference to FIG. 54, 
equations (23) to (32), and FIGS. 55 and 56. 

(23) 

(24) 

(25) 

where the positions (x0, y0) and (x1, y1) are on the same 
quadrant. 

(26) 
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-continued 

1 sk (it = 1 (27) ziri?, (t, m, n) (it = 

(28) 

i3 

Sp(i, n., n., x, y) cit 
tii 27 

ii 

- 27 tis 
? SP(t, m, n, x, y)d t + 
to 

3 

to 

O +. Sp(i, n., n., x, y) at + 
tii 

27 3 
I. Sp(i, n., n., x, y) cit -- 0 
to 

0-x6 = -1.2. v0 = x4 = -0.8 (29) x) = x0 = -1.2, y) = x4 = -0. 

4 = x6= 1.2. vii = x4 = 0.8 x4 = x0 = 1.2, y4 = x4 = 0. 
X = k(x4 - x0) + x0, y = k(y4-y0) + y0 
xi = -1 ... k1 = 0.08333, 

x2 = 0 ... k2 = 0.5, 
x3 = 1 ... k3 = 0.916666, 

(30) 
y 1 = -0.66666 
y2 = 0 
y3 = 0.66666 

Ee(x1, y1, x2, y2) = Ee(-1, -0.6666, 0, 0) (31) 
1 
(9-3x2x 1.6666+ 4x0.6666+ 

0.6666) = 0.38888 
Ee(x2, y2, x3, y,3) = Ee(0, 0, 1, 0.666) = 0.38888 

(0.416666x0.38888+0.416666x0.38888=0.32399 (32) 

FIG. 54 shows the concept that how to obtain the contribu 
tion rate, and FIG. 55 is the expanded view of FIG. 45(a) 
showing the positions of retina pixel at various times. FIG. 
56 shows the relationship between the retina pixel and the 
position (x, y) on the display at a certain time, and equations 
(27) to (32) show the expressions to calculate the contribu 
tion rate. First, the concept will be explained using FIG. 54 
and equations (23) to (30). FIG. 54(a) is a view showing that 
two Squares (basic and moved Squares) whose unit area is 1 
are overlapped with each other. Equation (23) shows an 
expression for obtaining the area where two Squares are 
overlapped with each other. The black points in FIG. 54(a) 
each shows the center of gravity of the respective Square, the 
basic Square is placed at the position of the coordinate (0, 0), 
and the moved Square is placed at the position of the 
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coordinate (x, y). It is understood that the oblique lined area 
is (1-x)(1-yl) with conditions. FIG. 54(b) shows a view 
showing that the center of gravity of the moved Square is 
moved from (x0, y0) to (x1, y1). Equation (24) shows the 
center of gravity (x, y) of the moved Square which is moving 
using an indirect variable K. Equation (25) shows an expres 
Sion for obtaining the total Sum of the areas where the moved 
Square is overlapped during the moving, and shows the 
result. Total sum is a function of Ee(x0, y0, x1, y1). Ee is 
obtained by Substituting equation (24) for equation (23) and 
integrating the area expressed by the function of K by k. 
Finally, FIG. 54(c) showing a certain example to illustrate 
the method of obtaining E (contribution rate), in which the 
moved square is moved from the center of gravity (x0, y0) 
to (x3, y3). Equation (26) shows an expression for obtaining 
the coordinate position of the boundary between the quad 
rants and for obtaining the contribution rate. Since the 
moved Square passes through the different quadrant, it is 
necessary that the calculation of Ee be divided for each 
quadrant. (x1, y1) is a coordinate of the boundary between 
the Second and third quadrants, and (X2, y2) is a coordinate 
of the boundary between the first and second quadrants. The 
contribution rate Ee is the total sum of values obtained by 
multiplying the total Sum Ee of the areas, where the moved 
Square are overlapped on the respective quadrants during the 
moving, by a rate that the moving Square is passed through 
each quadrant. The calculation of Ee must be divided even 
in the same quadrant and the portion where the center of 
gravity of the moved square passes through +1. FIG. 55 is 
the expanded view of FIG. 45(a) showing positions of retina 
pixel at various times. Specifically, it is understood that the 
retina pixel is placed at the position of a point 372 at time 
t0, at the position of a point 370 at time t1, and at the position 
of a point 374 at time t2, respectively. Points 371 and 373 
show the positions before and after the retina pixel is 
overlapped with the pixel at the position (x0, y0) on the 
display, respectively. In this case, respective times are t11 
and t13. FIG. 56 shows that the retina pixel is overlapped 
with the pixel at the position (x, y) on the display at a certain 
time. AS described above, the oblique lined portion is a 
portion where the retina pixel K is overlapped with the pixel 
at the position (x, y) on the display at time t and this portion 
has the relationship between image data (m, n) and the 
position (x, y) on the display. Then, the overlapped area is 
Set at SP (t, m, n, x, y), and the area of pixel K is set at Sk 
(t, m, n), thus having the same relationship as equation (23). 
The above description explains the concept of the contri 

bution rate calculation, and the next description explains a 
Specific example thereof using actual numeral values of the 
contribution rate and the pixel area. 

Equation (27) is an expression for obtaining the pixel 
area. Since the retina pixel is not distorted at any time, the 
result becomes 1. Equation (28) is an expression for obtain 
ing the contribution rate. It is understood the average over 
lapped area at a period of time t1 to t2 is obtained. AS 
comparison between equations (23) to (26), the result of the 
contribution rate is as follows: 

In equation (29), the starting point (x0, y0) and ending 
point (X4, y4) of the center of gravity of the moved Square 
are obtained. In equation (30), the position where the center 
of gravity in the same quadrant passes through t1 is 
obtained. In equation (31), the total Sum Ee of the areas 
where the moved Square is overlapped during the moving is 
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obtained. In equation (32), the results of equations (31) and 
(32) are substituted into equation (28), thereby obtaining the 
contribution rate. As a result, the contribution rate of 0.324 
is obtained. The number of times that the moved square 
passes through the different quadrant is one at time t1. The 
number of times that the center of gravity in the same 
quadrant passes through t1 is twice, i.e., at time t11 and t13. 
It is understood from this example that the calculation of Ee 
must be divided. 

Next, the threshold value will be explained in detail. The 
threshold value can be obtained by multiplying the ratio of 
the length of the emission period in a certain Sub-field to the 
length of the emission period in the entire sub-field by the 
maximum value of image data. One example will be 
explained as follows. 
When image data has eight levels of tone, i.e., 1, 2, 3, 4, 

5, 6, 7 and 8, and the emission Sequence is as shown in FIG. 
39, the following equations are established. 

Length of the pixel emission period in the entire sub-field=(=1+ 
2+4) 

Length of the pixel emission period in the first sub-field=4 

Maximum value of image data=7 

Threshold value=(length of the pixel emission period in the first 
sub-field)/(length of the pixel-emission period in the entire 
sub-fields)x(maximum value of image data)="/7x7=4. 

Therefore, the threshold value of the first sub-field bit map 
calculating section 226 is 4. Similarly, the threshold value of 
the Second Sub-field bit map calculating Section 227 is 2. 
Also, the threshold value of the third sub-field bit map 
calculating Section 228 is 1. The above was the simple 
example. However, the above equation can be used in the 
case of the display in which image data having 256 levels of 
tone is display in ten Sub-fields. 

The threshold values of the first to n-th sub-field bit map 
calculating Sections are Set in order of increasing the value. 
In other words, the threshold value of the first Sub-field bit 
map calculating Section is the maximum value, and that of 
n-th Sub-field bit map calculating Section is the minimum 
value. By use of this structure, even if a slight error occurs 
in the detection of motion vector, no image breakage occurs. 

Thus, the embodiment of the present invention adopts the 
constitution to calculate at real time an emission time in each 
Sub-field period and a contribution rate of the light quantity 
entering each retina position from the path of the shift of the 
line of sight on the screen when the line of sight follows the 
motion pixel on the display Screen, using vector values 
corresponding to the number of motion pixels and the 
moved direction, and to generate new Sub-field data using 
the calculated data. As a result, the tone level, which the 
retina pixel Senses when following the moving picture with 
eyes, matches with the tone data of the original image 
accurately. Then, the light quantity corresponding to the tone 
adapted to the original image is Stored in the retina pixel, and 
thereby the generation of the false contour is largely 
restrained, So that the display image having no false contour 
can be provided. 

The above explanation is made using the pixel emission 
sequence in the three sub-fields shown in FIG.39 to explain 
the concept briefly. However, even in the emission Sequence 
in three Sub-fields or more, e.g., eight Sub-fields, calculation 
conversion of image data can be carried out. In the above 
explanation, the retina pixel is explained using a Square. 
However, it may be possible to replace the Square with a 
circle whose area is one basic unit. 
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Moreover, time to is explained as (t1+(2)+2. However, it 

may be possible that t0=t1, and that t0=arbitrary time. 
The above description explains the image using two 

pixels to Simplify the explanation. However, in the case of 
using a large number of pixels, remarkable advantages can 
be obtained. 
(Fourth Embodiment) 

Next, the tone display apparatus of a fourth embodiment 
of the present invention will be explained. The schematic 
configuration of the tone display apparatus of the fourth 
embodiment is substantially the same as that of the first 
embodiment shown in FIG. 36 except that the configuration 
of the image data calculation converter 203. An aim of the 
fourth embodiment is to process an image, which is called 
Scroll image in which a whole image moves in a certain fixed 
direction at a fixed speed. 

FIG. 57 is a block diagram showing the specific configu 
ration of the image data calculation converter 203 according 
to the fourth embodiment. As motion vector data 232, a 
vector value for each field is input. First to n-th sub-field 
intermediate coordinate extraction calculating Sections 311 
to 315 each calculates the intermediate position between the 
Starting and ending points of the line of Sight for the 
respective period of the emission in each Sub-field, using the 
input motion vector value, to output. First to n-th sub-field 
bit map calculating sections 316 to 320 each outputs data 
indicating whether or not the emission is generated in each 
Sub-field in a pixel unit to a Synthesizing Section by use of 
the intermediate coordinate between the Starting and ending 
points of the line of Sight, and further outputs new image 
data for the Sub-field bit map calculating Section. The 
Sub-field intermediate coordinate calculating Section 311 to 
315 and the sub-field bit map calculating sections 316 to 320 
are paired. For example, if the number of Sub-fields is eight, 
and eight pairs of the intermediate coordinate calculating 
Sections and the Sub-field bit map calculating Sections are 
needed. 
A Synthesizing Section 321 adjusts the delay of data 

output from. the respective bit map calculating Sections 316 
to 320 and combines sub-field bit patterns for each bit, 
thereby Synthesizing new image data. 

Next, the first to n-th Sub-field intermediate coordinate 
extraction calculating sections 311 to 315 will be explained 
using FIG. 39 and FIG. 58. FIG. 58 shows a state in which 
image data is moving at positions on the display. One 
example of the motion vector (6, 4) of a certain pixel is 
shown. The retina pixel is placed at the position of a point 
380 at time to, at the position of a point 381 at time t1, at the 
position of a point 382 at time t2, at the position of a point 
383 at time t3, at the position of a point 384 at time ta, at the 
position of a point 385 at time tS, and at the position of a 
point 386 at time té, respectively. The broken line shows the 
center of gravity of the retina pixel during the emission 
period. The first to n-th sub-field intermediate coordinate 
extraction calculating sections 311 to 315 each calculates the 
Starting and ending positions of the center of gravity of the 
retina pixel during the emission period in each Sub-field to 
output. The calculation method as follows: 

Vx (m, n), and Vy (m, n) are motion vector values 
For example, the position of point 387 is as follows: 
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Also, the position of point 388 is as follows: 
X=(9-2)/10x6+x0=4.2+x0 

Y=(9-2)/10x4+y0=2.8+y0 

Thus, the number of Sub-field intermediate coordinate 
extraction calculating Sections 311 to 315 corresponding to 
the number of Sub-fields is needed. The first Sub-field 
intermediate coordinate extraction calculating Sections 311 
calculates the Starting and ending positions of the center of 
gravity of the retina pixel during the emission period in the 
first Sub-field, and outputs the result to the first Sub-field bit 
map calculating Section 316. The Second Sub-field interme 
diate coordinate extraction calculating Sections 312 calcu 
lates the Starting and ending positions of the center of gravity 
of the retina pixel during the emission period in the Second 
sub-field, and outputs the result to the second sub-field bit 
map calculating section 317. Then, n-th sub-field interme 
diate coordinate extraction calculating Sections 315 calcu 
lates the Starting and ending positions of the center of gravity 
of the retina pixel during the emission period in the n-th 
sub-field, and outputs the result to the n-th sub-field bit map 
calculating section 320. 

Next, the first to n-th sub-field bit map calculating sec 
tions 316 to 320 will be explained with reference to FIG. 59. 
FIG. 59 is a view showing a configuration to output new 
image data 355 and a binary bit map 356 using intermediate 
coordinate 353 input from intermediate coordinate extrac 
tion calculating sections 311 to 315 and image data 354. The 
concept of the processing was already explained in the first 
embodiment. In the fourth embodiment, the function, which 
is limited to the Scroll image, is provided. More Specifically, 
according to the fourth embodiment, there is no need of the 
Sections relevant to the calculation of the pixel area based on 
the premise that the pixel area is fixed. FIG. 59 is the view 
in which the Sections relevant to the calculation of the pixel 
area are excluded from FIG. 41. A register 300, a contribu 
tion rate calculating Section 331, a register 335, an attenu 
ation factor calculating Section 339, a new image data 
Storage Section 349, and a Synthesizing Section 321 are 
explained in the same way as in the first embodiment. 

Thus, according to the fourth embodiment, Since the 
Sections relevant to the calculation of the pixel area are 
deleted based on the premise that the pixel area is fixed, the 
apparatus can be simplified for the deletion. 
The attenuation factor calculating Section and the pixel 

area calculating Section can be used in a State that the 
contribution rate and the pixel area calculated in advance are 
written in a ROM table in order to reduce the circuit Scale. 

Industrial Applicability 
The moving picture display method of the present inven 

tion is useful for restraining the false contour generated 
when displaying the moving picture by the Sub-field method, 
and is Suitable for generating drive data of the Sub-field in 
PDP. 
What is claimed is: 
1. A method for displaying a moving picture having a 

proper tone by changing a combination of Subfields com 
prising a field of the moving picture, Said Subfields each 
having a different luminance weight, Said method compris 
ing: 

detecting a motion vector indicating a movement direc 
tion of the image and a movement quantity of the image 
from the input image data; 

generating new image data for making a received tone 
equal to a tone of the input image data based on an 
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amount of light received from display pixels located 
along a path on which a retina pixel corresponding to 
a retina acceptable region reflected in a retina has 
moved according to the motion vector; and 

determining the combination of subfields based on the 
new image data. 

2. The moving picture display method according to claim 
1, wherein a pixel density of an object retina pixel is 
distributed to a display image region that affects a tone of the 
object retina pixel moved in a Subfield period, and deter 
mining whether to generate an emission at the Subfield 
according to a Sum of pixel densities of pixels to which pixel 
densities are distributed from peripheral retina pixels. 

3. The moving picture display method according to claim 
2, wherein a degree of contribution is determined for each of 
pixels included in Said display image region Said degree of 
contribution indicating an influence from each of the pixels 
included in Said display image region to a retina pixel that 
is moved when an emission is generated at the Subfield and 
the pixel density of the object retina pixel is distributed to 
pixels included in Said display image region corresponding 
to Said degree of contribution. 

4. The moving picture display method according to claim 
1, wherein the distribution of pixel density of the object 
retina pixel is performed for each Subfield Sequentially. 

5. The moving picture display method according to claim 
1, wherein the generation of an emission in an upper Subfield 
is reflected in new image data for determining whether or not 
the emission is generated in a lower Subfield. 

6. The moving picture display method according to claim 
5, further comprising: 

performing a feedback of the same pixel density as the 
distributed pixel density from the pixel in an upper 
Subfield of which the lighting is not performed; and 

performing a feedback of a pixel density obtained by 
multiplying the distributed pixel density by a predeter 
mined attenuation factor from the pixel in an upper 
field of which the emission is generated, thereby gen 
erating new image data for the object retina pixel in the 
lower Subfield. 

7. The moving picture display method according to claim 
5, wherein the determination whether or not the emission is 
generated in the Subfield is performed by comparing a Sum 
of pixel densities distributed from the peripheral retina 
pixels with a predetermined threshold value corresponding 
to a weight of the subfield. 

8. The moving picture display method according to claim 
1, wherein a display pixel position where a pixel density of 
the object retina pixel is distributed and a distribution ratio 
are determined based on the movement direction and the 
movement quantity of the detected motion vector. 

9. The moving picture display method according to claim 
8, wherein the display pixel position where pixel density of 
the object retina pixel is distributed and the distribution ratio 
are determined So as to be respectively matched with a 
display pixel position and a distribution ratio having influ 
ence on a visual point region on the retina, when a line of 
Sight follows an image region movement along the motion 
VectOr. 

10. The moving picture display method according to 
claim 8, wherein when a region having a predetermined area 
is moved from Starting to ending points of the detected 
motion vector, a pixel at the display pixel position where 
pixel density of the object retina pixel is distributed is a pixel 
in an area overlapped with at least a part of the region. 

11. The moving picture display method according to claim 
8, wherein when a region having a predetermined area is 
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moved from Starting to ending points of the detected motion 
vector, the distribution ratio for distributing the pixel density 
of the object retina pixel is a value obtained by integrating 
an area where the region and pixels are overlapped with each 
other by an emission time of each field. 

12. The moving picture display method according to 
claim 1, wherein a four-corner motion vector indicating 
movement directions and movement quantities of four cor 
nerS is detected for each pixel, and the display image region 
influenced by the object retina pixel movement for the 
Sub-field period using the detected four-corner motion vec 
tor is specified. 

13. The moving picture display method according to 
claim 12, wherein the display pixel position where pixel 
density of the object retina pixel is distributed and the 
distribution ratio are determined based on the movement 
directions and the movement quantities of the detected 
four-corner motion vector. 

14. The moving picture display method according to 
claim 13, wherein when a region having four corners each 
corresponding to a respective Staring point and a respective 
ending point of the detected four-corner motion vector is 
moved, the display pixel position where pixel density of the 
object retina pixel is distributed is a pixel which is over 
lapped with at least a part of Said region. 

15. The moving picture display method according to 
claim 13, wherein when a region having four corners each 
corresponding to a respective Staring point and a respective 
ending point of the detected four-corner motion vector is 
moved, the distribution ratio for distributing the pixel den 
sity of the object retina pixel is a value obtained by inte 
grating an area where the region and pixels are overlapped 
with each other by an emission time of each field. 

16. The moving picture display method according to 
claim 1, wherein a motion of the pixel close to a signal level 
at which a false contour is generated is detected as a motion 
VectOr. 

17. The moving picture display method according to 
claim 16, wherein a present field image and a previous field 
image are each converted into respective binary images with 
a threshold value close to the signal level at which the false 
contour is generated, the binary images are compared So as 
to detect the motion vector from the number of the motion 
pixels and the movement direction, and the motion vector 
having the Signal level at which the false contour is gener 
ated in the present field image is corrected in accordance 
with the motion vector, thereby generating new image data. 

18. The moving picture display method according to 
claim 16, wherein the binary image of the present field is 
divided into a plurality of blocks, a plurality of reference 
regions associated with the divided blockS respectively are 
Set in the binary image of the previous field, each degree of 
matching between the divided block and each of the plural 
ity of the reference blockS Set in the reference region 
associated with the divided block is evaluated, and the 
number of the motion pixels and the movement direction are 
detected from the positional relationship between the 
divided block and the reference block having the highest 
evaluation value. 

19. The moving picture display method according to 
claim 16, wherein the number of motion pixels and the 
movement direction are detected for each detection block for 
each of color components of R, G and B, and the number of 
motion pixels of the detection block and the movement 
direction thereof are determined by a majority determina 
tion. 

20. The moving picture display method according to 
claim 16, a present field image and a previous field image are 
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converted into respective binary images with a threshold 
value of a multi-level including mainly signal levels N 
power of 2 or a combination of these signal levels, and the 
motion vector is detected for each multi-hierarchical image 
data. 

21. The moving picture display method according to 
claim 16, wherein a present field image and a previous field 
image are each Subjected to Smoothing processing before 
being converted into to the binary image. 

22. The moving picture display method according to 
claim 16, wherein correction data for the motion vector is 
Stored in a correction table corresponding to a signal level at 
which the false contour is generated, and new image data is 
extracted from the correction table based on the number of 
the detected motion pixels and the movement direction 
thereof. 

23. The moving picture display method according to 
claim 1, wherein when the motion vector is detected respec 
tively from a present field image and a previous field image 
in a block unit, and the motion vector is detected based on 
a correlation value of identification codes respectively pro 
Vided to the present field image and the previous field image 
corresponding to the pixel level. 

24. The moving picture display method according to 
claim 23, wherein the identification code is provided to each 
of the present field image and the previous field image 
corresponding to the pixel level, an identification code 
image of the present field is divided into a plurality of 
detection blocks, a reference region is Set in an identification 
code image of the previous field for each detection block, a 
matching degree between each of the plurality of reference 
blockS Set in the reference region and the detection block is 
evaluated based on the identification codes, and the motion 
vector is detected from the positional relationship between 
the reference block having the highest evaluation value with 
the detection block and the detection block. 

25. The moving picture display method according to 
claim 23, wherein the identification codes are provided 
corresponding to the pixel level, Said identification codes 
belonging to two or more groups having different regions to 
which each of Said identification codes is assigned, and the 
motion vectors obtained for each group are integrated So as 
to obtain the motion vector of the pixel. 

26. The moving picture display method according to 
claim 23, wherein with respect to a block having the same 
identification codes, the motion vector detection is not 
performed. 

27. The moving picture display method according to 
claim 23, wherein the present field image and the previous 
field image each have equivalent luminance image Signals 
which are converted to equalize a component ratio of each 
of R, G and B image Signals. 

28. The moving picture display method according to 
claim 23, wherein a density gradient of the image is 
detected, and a flat portion of the density gradient is Sub 
jected to data distribution processing of the present field 
imager independent of the motion detection. 

29. A moving picture display apparatus for displaying a 
moving picture having a proper tone by changing a combi 
nation of Subfields comprising a field of the moving picture, 
Said Subfields each having a different luminance weight, Said 
apparatus comprising: 

a motion vector detector that detects a motion vector of 
image data in neighboring fields; 

a reproducer that generates new image data to make a 
perceived tone equal to a tone of the input image data 
based on an amount of light received from display 
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pixels located along a path on which a retina pixel 
corresponding to a retina acceptable region reflected in 
a retina has moved, according to the detected motion 
vector; and 

a determiner that determines drive data of a Subfield based 
on the new generated image data. 

30. The moving picture display apparatus according to 
claim 29, the reproducer comprising: 

intermediate coordinate extractors each for calculating 
each coordinate value of emission Starting and ending 
positions in a respective subfield for each subfield 
based on the detected motion vector; 

a bit map that outputs binary data for controlling whether 
or not the emission is generated in the Subfield based on 
the coordinate values output from the respective inter 
mediate coordinate extractor, and for Outputting image 
data given to a lower Subfield, wherein Said determiner 
comprises a Synthesizer that Synthesizes the drive data 
of a Subfield using binary data from the bit map outputs 
over the entire output subfields. 

31. The moving picture display apparatus according to 
claim 30, wherein the number of the intermediate coordinate 
extractors and the bit map outputs are the same as the 
number of Subfields comprising one field image. 

32. The moving picture display apparatus according to 
claim 30, the bit map outputs each comprising: 

a contribution rate calculator that calculates a rate for 
distributing image data to a predetermined Subfield 
plane based on the respective coordinate value output 
from the respective intermediate coordinate extractor; 

a plurality of multipliers each for multiplying image data 
by the contribution rate; 

an attenuation factor calculator that calculates an attenu 
ation factor used in the processing for Outputting binary 
data for controlling whether or not the emission is 
generated in the Subfield based on a distributed data 
value obtained by multiplying image data by the con 
tribution rate, and fetching the distributed data, So as to 
generate image data to be given to the lower Subfield; 

a plurality of multipliers each for multiplying the distrib 
uted image data by the attenuation factor; and 

a new image data Storage that receives image data mul 
tiplied by the attenuation factor So as to generate image 
data for the lower Subfield. 

33. The moving picture display apparatus according to 
claim 30, the bit map outputs each comprising: 

a contribution rate output that Stores the value of the 
contribution rate in a ROM table in advance and that 
outputs a rate for distributing image data to a prede 
termined subfield plane from the ROM table based on 
the respective coordinate value output from the respec 
tive intermediate coordinate extractor; 

a plurality of multipliers each for multiplying image data 
by the contribution rate; 

an attenuation factor calculator that calculates an attenu 
ation factor used in the processing for Outputting binary 
data for controlling whether or not the emission is 
generated in the Subfield based on a distributed data 
value obtained by multiplying image data by the con 
tribution rate, and fetching the distributed data, So as to 
generate image data to be given to the lower Subfield; 

a plurality of multipliers each for multiplying the distrib 
uted image data by the attenuation factor; and 

a new image data Storage that receives image data mul 
tiplied by the attenuation factor So as to generate image 
data for the lower Subfield. 
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34. The moving picture display apparatus according to 

claim 29, the generator comprising: 
four-corner motion vector calculator that calculates a 

four-corner motion vector indicating the movement 
directions of the four corners and the shift quantity 
thereof for each pixel based on the detected motion 
Vector, 

intermediate coordinate extractors that calculate each 
coordinate value of an emission Starting position and an 
emission ending position for each Subfield based on the 
detected four-corner motion vector, and 

bit map outputs each for Outputting binary data for 
controlling whether or not the emission is generated in 
the Subfield based on the respective coordinate value, 
and for Outputting image data given to lower Subfield. 

35. The moving picture display apparatus according to 
claim 34, the bit map outputs each comprising: 

a pixel area calculator that integrates an area of a region, 
in which the intermediate coordinate values of the 
four-corner vector output from the intermediate coor 
dinate extractors are Set as four corners over a fixed 
period of time; 

a contribution rate calculator that calculates a rate for 
distributing image data to a predetermined Subfield 
plane based on the intermediate coordinate values of 
the four-corner vector; 

a plurality of multipliers each for multiplying image data 
by the contribution rate; 

an attenuation factor calculator that calculates an attenu 
ation factor used in the processing for Outputting binary 
data for controlling whether or not the emission is 
generated in the Subfield based on a distributed data 
value obtained by multiplying image data by the con 
tribution rate, and fetching the distributed data, So as to 
generate image data to be given to the lower Subfield; 

a plurality of multipliers each for multiplying the distrib 
uted image data by the attenuation factor; 

a plurality of dividers each for dividing image data 
multiplied by the attenuation factor by a component 
value calculated by the pixel area calculator, and 

a new image data Storage that receives the divided image 
data So as to generate image data for the lower Subfield. 

36. The moving picture display apparatus according to 
claim 34, the bit map output Sections each comprising: 

a pixel area calculator that integrates an area of a region, 
in which the intermediate coordinate values of the 
four-corner vector output from the intermediate coor 
dinate extractors are Set as four corners over a fixed 
period of time; 

a contribution rate calculator that Stores the value of the 
contribution rate in a ROM table in advance and that 
outputs a rate for distributing image data to a prede 
termined subfield plane from the ROM table based on 
the coordinate values of the four-corner vector; 

a plurality of multipliers each for multiplying image data 
by the contribution rate; 

an attenuation factor calculator that calculates an attenu 
ation factor used in the processing for Outputting binary 
data for controlling whether or not the emission is 
generated in the Subfield based on a distributed data 
value obtained by multiplying image data by the con 
tribution rate, and fetching the distributed data, So as to 
generate image data to be given to the lower Subfield; 

a plurality of multipliers each for multiplying the distrib 
uted image data by the attenuation factor; 
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a plurality of dividers each for dividing image data 
multiplied by the attenuation factor by a component 
value calculated by the pixel area calculator, and 

a new image data Storage that receives the divided image 
data So as to generate image data for the lower Sub 
fields. 

37. The moving picture display apparatus according to 
claim 34, the bit map outputs each comprising: 

a pixel area calculator that Stores a value of a pixel area 
in a ROM table and that outputs an area of a region, in 
which the intermediate coordinate values of the four 
corner vector output from the intermediate coordinate 
extractors are set as four corners, from the ROM table; 

a contribution rate calculator that calculates a ratio for 
distributing image data to a predetermined Subfield 
plane based on the intermediate coordinate values of 
the four-corner vector; 

a plurality of multipliers each for multiplying image data 
by the contribution rate; 

an attenuation factor calculator that calculates an attenu 
ation factor used in the processing for Outputting binary 
data for controlling whether or not the emission is 
generated in the Subfield based on a distributed data 
value obtained by multiplying image data by the con 
tribution rate, and fetching the distributed data, So as to 
generate image data to be given to the lower Subfield; 

a plurality of multipliers each for multiplying the distrib 
uted image data by the attenuation factor; 
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a plurality of dividers each for dividing image data 

multiplied by the attenuation factor by a component 
value calculated by the pixel area calculator, and 

a new image data Storage that receives the divided image 
data So as to generate image data for the lower Subfield. 

38. The moving picture display apparatus according to 
claim 29, the motion vector detector comprising: 

a binary processor that converts a present field image and 
a previous field image into respective binary images 
with a threshold value close to a signal level at which 
a false contour is generated; and 

a motion detector that detects the motion of the pixel by 
comparing the binary images between the fields, and 

the reproducer comprising: 
a correction table having correction data corresponding 

to the number of motion pixels and the movement 
direction Stored for each Signal level at which the 
false contour is generated; 

an extractor that extracts the pixel having the Signal 
level at which the false contour is generated from the 
present field image, and 

a corrector that extracts the detected result of the 
motion of the extracted pixel and correction data 
corresponding to the Signal level from the correction 
table So as to correct the extracted pixel. 


